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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to an electric field effect mold thin film transistor (TFT) 
applicable to the static mold semiconductor memory which constitutes a memory cell more specifically 
using an insulated gate field effect transistor (MOSFET) about an electric field effect mold thin film 
transistor and its manufacture approach generally, and its manufacture approach. 
[0002] 

[Description of the Prior Art] As a static mold semiconductor memory, the so-called static random 
access memory (SRAM) is already known well. Since the most desirable effectiveness is acquired when 
applied to SRAM, this invention explains SRAM hereafter. 

[0003] In SRAM, efforts to reduce standby current (at the time of standby current) with efforts for high 
integration are performed. In order to realize high integration conventionally, the high resistance-load 
mold memory cell is adopted. However, in order to reduce the power consumption of SRAM of a high 
resistance-load mold memory cell, it is necessary to increase the resistance of a high resistance load used 
for the memory cell. Moreover, if the degree of integration of the memory cell of SRAM goes up, only 
the part needs to raise the resistance of a high resistance load. On the other hand, if the resistance of a 
high resistance load is increased, the instability of actuation of a memory cell will increase. For this 
reason, in order that a degree of integration may cancel the instability of actuation of this memory cell in 
SRAM 4 megabits or more, modification to the memory cell of a high resistance-load mold to a CMOS 
mold is considered. 

[0004] The memory cell of a CMOS mold consists of four n channel MOS transistors and two p channel 
MOS transistors. If these six transistors are formed on a silicon single crystal substrate, the occupancy 
area of a memory cell will increase large about 1.5 times as compared with a high resistance-load mold 
memory cell, and contraction of memory cell occupancy area will become difficult. In order to raise a 
degree of integration further, two p channel MOS transistors are constituted from a thin film transistor 
using polycrystalline silicon, and development of the so-called TFT load mold perfect CMOS memory 
cell of the three-dimensional structure arranged on four n channel MOS transistors formed on the silicon 
single crystal substrate is performed. 

[0005] Drawing 83 is the representative circuit schematic showing one memory cell of SRAM of the 
conventional perfect CMOS mold. As shown in drawing 83 , the flip-flop circuit is constituted by 
carrying out cross connection of the inverter circuit which consists of two n channel drive (driver) MOS 
transistors Q2 and Q4 and two p channel load (loading) MOS transistors Ql and Q3, respectively. The n 
channel transfer (access) transistors Q5 and Q6 are connected to two storage nodes (Nl, N2) of this flip- 
flop circuit. Supply voltage Vcc and the touch-down potential Vss are supplied to the flip-flop circuit. 
Bit lines 33 and 34 are connected to the drain of access transistors Q5 and Q6. The gate electrode of 
access transistors Q5 and Q6 is connected to the word line 35. At the time of standby, access transistors 
Q5 and Q6 have a word line 35 and bit lines 33 and 34 in an OFF condition by being held 0V, and the 
flip-flop circuit is isolated as actuation of the memory cell of such SRAM is known well. Thereby, 
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"Low" (OV) is held as data at "High" (3V) and the storage node N2 (or Nl) at the storage node Nl (or 
N2). Maintenance of data is performed by holding the charge accumulated in the stray capacity of the 
storage nodes Nl and N2. 

[0006] When a desired memory cell is chosen, namely, when a word line 35 is "High" level, it changes 
access transistors Q5 and Q6 into ON condition. Thereby, the storage nodes Nl and N2 are made into 
bit lines 33 and 34 and switch-on. At this time, the electrical potential difference corresponding to the 
condition of each storage node Nl and N2 appears through access transistors Q5 and Q6 in bit lines 33 
and 34. Thus, the information held at the memory cell is read. When writing data in a memory cell, the 
electrical potential difference corresponding to the condition that a request should be written for access 
transistors Q5 and Q6 in each of bit lines 33 and 34 in ON condition is impressed. Thus, this memory 
cell is functioning as a static storage by starting a word line 35 at the time of read-out/store, making the 
storage nodes Nl and N2 memorize the information on "High" or "Low" from bit lines 33 and 34, or 
reading the information on the storage nodes Nl and N2 conversely through access transistors Q5 and 
Q6. In addition, at the time of standby, as for the memory cell of SRAM which has such a CMOS 
circuit, the leakage current of an MOS transistor only flows. Therefore, SRAM of a perfect CMOS mold 
has the description that the power consumption is small very much. 

[0007] Drawing 84 shows the equal circuit of the memory cell of conventional TFT load mold perfect 
CMOS-SRAM by three-dimensions arrangement. Drawing 85 and drawing 86 are the top view showing 
the memory cell of the conventional TFT load mold SRAM, and a typical sectional view. With reference 
to drawing 84 - drawing 86 , the structure of the memory cell of the conventional TFT load mold SRAM 
is explained. 

[0008] With reference to drawing 84 , the p channel MOS transistors Ql and Q3 are formed in an upper 
active element layer (the upper layer is called hereafter), and, on the other hand, they are connected to it 
in [ an electrode / a power source Vcc ] one. Moreover, in the upper layer, the gate electrode of the p 
channel MOS transistor Ql and the another side electrode of the p channel MOS transistor Q3 are 
connected in one by the node N21, and the gate electrode of the p channel MOS transistor Q3 and the 
another side electrode of the p channel MOS transistor Ql are connected in one by the node Nil. 
Furthermore, bit lines 33 and 34 are formed in the upper layer. 

[0009] Next, the n channel MOS transistors Q2, Q4, Q5, and Q6 are formed in the lower active element 
layer (a lower layer is called hereafter). On the other hand, as for the electrode, the n channel MOS 
transistors Q2 and Q4 are connected to the earth electrode Vss in one. Moreover, in the lower layer, the 
gate electrode of the n channel MOS transistor Q2 and the another side electrode of the n channel MOS 
transistor Q4 are connected in one by the node N22, and the gate electrode of the n channel MOS 
transistor Q4 and the another side electrode of the n channel MOS transistor Q2 are connected in one by 
the node N12. Furthermore, the word line 35 is formed in the lower layer. 

[0010] The upper layer and a lower layer are separated by the insulating layer. In order to connect 
electrically the upper node Nil and the lower layer node N 12, a through hole 5 1 is formed in an 
insulating layer, and in order to connect the upper node N21 and the lower layer node N22, the through 
hole 52 is formed. Thus, the CMOS mold flip-flop circuit is constituted by connecting MOS transistors 
Ql, Q2, Q3, and Q4 through through holes 51 and 52. 

[001 1] Furthermore, in the lower layer, the one side electrode of the n channel MOS transistor Q5 for 
access is connected to a node N12, and the gate electrode is connected to the word line 35. Similarly, the 
one side electrode of the n channel MOS transistor Q6 is connected to a node N22, and the gate 
electrode is connected to the word line 35. The another side electrode of the n channel MOS transistor 
Q5 is electrically connected with the bit line 33 formed in the upper layer through the through hole 53 
prepared in the insulating layer. Similarly, the another side electrode of the n channel MOS transistor Q6 
is also connected to the upper bit line 34 through the through hole 54. 

[0012] (A) of drawing 85 and (B) are drawings of the memory cell of SRAM shown in drawing 84 
showing superficial arrangement of the upper layer and a lower layer active element, respectively. With 
reference to (A) of drawing 85 , the barrier layer 55 which consists of polycrystalline silicon is formed 
through gate dielectric film in the upper layer on the gate electrode 60. Boron (B) is introduced into the 
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barrier layer 55 of a field which has not lapped with the gate electrode 60 so much, and it is p+. The 
field is formed. Consequently, the p channel MOS transistors (TFT) Ql and Q3 are formed. The upper 
active element has taken the bottom gate mold structure which has the gate electrode 60 in the lower part 
of a barrier layer 55. 

[0013] On the other hand, (B) of drawing 85 is referred to and it is p of a semi-conductor substrate in a 
lower layer. - The barrier layer 56 is formed in the field. On the barrier layer 56, the gate electrode 71 is 
formed through gate dielectric film. Arsenic (As) is introduced into the barrier layer 56 of a field which 
has not lapped with the gate electrode 71 so much, and it is n+. The field is formed. Consequently, the n 
channel MOS transistors Q2, Q4, Q5, and Q6 are formed. 

[0014] Moreover, as mentioned above, in order to connect a vertical layer electrically, through holes 51, 
52, 53, and 54 are formed. In addition, a node Nl 1, a node N12, and two through holes 51 that connect 
these are formed at a time on the relation of arrangement. Moreover, in drawing 85 , aluminum wiring 
for reinforcing a grounding conductor (Vss line), aluminum wiring which forms bit lines 33 and 34, and 
a word line (gate electrode) 71 every dozens of bits is not shown, -two aluminum wiring which forms bit 
lines 33 and 34 is prepared in parallel with a L-L line so that through holes 53 and 54 may be included 
in drawing 85 , respectively. Aluminum wiring for reinforcing a word line 71 is prepared in parallel on a 
word line 71 in (B) of drawing 85 , and prevents the fall of potential by the electric resistance of a word 
line 71. 

[0015] Drawing 86 is the typical sectional view showing the cross-section structure which met the L-L 
line of drawing 85 . With reference to drawing 86 , the conventional cross-section structure and its 
conventional manufacture approach of a memory cell of SRAM are explained briefly. 
[0016] The single crystal silicon substrate 1 is 1018-/cm3 at the main front-face side in a memory cell 
field, p of the high impurity concentration of extent - A field is formed. The separation oxide film 21 
with a thickness of 4000A is formed in the main front face of a silicon substrate 1 by the LOCOS 
method. Moreover, on the main front face of a silicon substrate 1, gate oxide 41 with a thickness of 
100A is formed. The field separated with the separation oxide film 21 serves as a barrier layer 56. It is 
1020-/cm3 about Lynn on the field of a barrier layer 56. The gate electrode 71 which consists of the 
polycrystalline silicon layer with a thickness of 1500A and the tungsten silicide (WSi2) layer with a 
thickness of 2000A which are included by concentration is formed according to a predetermined pattern. 
The upper part of the gate electrode 71 by which patterning was carried out to As is 2xl015-/cm2. By 
being poured in with an injection rate, source drain field (n+ field which does not have gate electrode 71 
on it among barrier layers 56 among field, i.e., drawing 86 ) 56b of the n channel MOS transistors Q2, 
Q4, Q5, and Q6 is formed. The field which has lapped with the gate electrode 71 among barrier layers 
56 is channel field 56a. The oxide film by the CVD method accumulates on the gate electrode 71 as an 
insulator layer, and an interlayer insulation film 42 is formed by performing surface flattening. The 
thickness of an interlayer insulation film 42 is about 3000A. 

[0017] Opening of the through holes 51 and 52 and through holes 53 and 54 (through holes 51 and 53 
are not shown in drawing 86 ) for nodes N12 and N22 is carried out into an interlayer insulation film 42. 
It is 2xl020-/cm3 about As in through holes 51, 52, and 53 and 54. The electric conduction film 81 
which consists of the polycrystalline silicon layer with a thickness of 2000A and the tungsten silicide 
layer with a thickness of 2000A which are included by concentration is formed. On through holes 51 
and 52, it is 2xl020-/cm3 about As. The upper gate electrode 60 is formed by depositing and carrying 
out patterning of the polycrystalline silicon layer with a thickness of 2000A included by concentration. 
An oxide film with a thickness [ by the CVD method ] of 200A is formed as gate dielectric film 43 on 
this gate electrode 60. The upper barrier layer 55 is formed by depositing and carrying out patterning of 
the polycrystalline silicon layer with a thickness of 300A with a CVD method on the gate dielectric film 
43. Deposition of this polycrystalline silicon layer is performed at the temperature of 620 degrees C. In 
order to plan electrical installation with a lower layer on through holes 51 and 52, gate dielectric film 43 
is removed. It is 2xl020-/cm3 about boron (B) to the part which does not have a lap with gate dielectric 
film 43 a through hole 51 and 52 top in a barrier layer 55. By introducing by concentration, source drain 
field 55b (refer to drawing 85 ) of the p channel MOS transistors Ql and Q3 is formed. The interlayer 
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insulation film 44 with a thickness of about 3000A by which flattening was carried out is formed like a 
lower layer case. Opening of the through holes 53 and 54 is carried out again, the aluminum wiring layer 
91 with a thickness of 7000A deposits, and a bit line 34 ( drawing 84 ) is formed by carrying out 
patterning. In addition, a bit line 33 does not appear in drawing 86 . Furthermore, the interlayer 
insulation film 45 which consists of an oxide film by the plasma-CVD method with a thickness of 
7000A is formed. On this interlayer insulation film 45, by the thickness which is 8000A, it deposits, and 
patterning of the aluminum wiring layer 92 for reinforcing a word line 35 (the inside of drawing 86 
drawing 85 , gate electrode 71) is carried out, and it is formed. Thus, the memory cell of conventional 
TFT load mold perfect CMOS-SRAM is constituted. In addition, the grounding conductor (Vss line) is 
not shown in drawing 86 . 
[0018] 

[Problem(s) to be Solved by the Invention] The electrical characteristics of the conventional TFT (p 
channel MOS transistor) are shown in drawing 87 . Drawing 87 shows the relation of the drain current 
(ID)-gate voltage (VG) at the time of impressing drain electrical-potential-difference VD =-3V of TFT 
with 0.8 micrometers [ of channel length ], and a channel width of 0.4 micrometers. The drain current ID 
at the time of gate voltage VG =-3V (ON condition) is InA (10-9 A) and the drain current ID at the time 
of gate voltage VG -0V (OFF condition). They are 100fA(s) (10-13 A). 

[0019] By the way, naturally detail ed-izati on of the component which constitutes a memory cell is 
required with high integration of SRAM. For example, the design dimension of a component is set to 
0.35-0.4 micrometers in 16-megabit SRAM. When the component was made detailed to the dimension 
of this level, the trouble of the memory cell of SRAM stopping operating arose. The cause by which the 
memory cell of 16-megabit SRAM does not operate is based on the following reasons. 
[0020] If the dimension of a component is made detailed by 0.4 micrometers or less, the supply voltage 
used in order to secure the dependability of a transistor will be reduced to 3.3 V or 3 V. furthermore, the 
ratio of beta (it is displayed as betaD) of the lower layer driver transistors Q2 or Q4, and beta (it is 
displayed as betaA) of access transistors Q5 or Q6 -- it becomes the value whose betaD / betaA (beta 
ratio is called below) are about two, and it becomes impossible to take greatly Here, beta is an amount 
showing the conductance of a transistor and is given by beta=muepsilonOX epsilonO W/(tOXL). mu is 
mobility and epsilonOX is the specific inductive capacity of gate dielectric film, and epsilon 0. The 
dielectric constant of vacuum and tOX are [ gate width and L of the thickness of gate oxide and W ] gate 
length. 

[0021] In the equal circuit of drawing 83 , at the time of read -out of the storage information in a memory 
cell, an electrical potential difference Vcc is impressed to both bit lines 33 and 34, a forward electrical 
potential difference is given to a word line 35, and access transistors Q5 and Q6 are made into switch- 
on. By this, a bit line is discharged with the driver transistor Q2 (or Q4) (the driver transistor by the side 
of "Low" level is in ON condition) by the side of the "Low" level of a memory cell, potential of the bit 
line connected with the "Low" level side of a memory cell is made lower than the potential of the bit line 
which flows to a "High" level side, and the information held at the memory cell is transmitted to a bit 
line. Thus, since transistors Q4 and Q6 are in ON condition supposing a node N2 holds "Low" level 
(0V) and the node Nl holds the potential of "High" level (3 V) at the time of read-out, a current flows 
from a bit line 34 to the touch-down potential Vss (0V) through transistors Q6 and Q4. The potential of 
an intersection with the transistor Q6 of the bit line 34 with which the electrical potential difference Vcc 
(3V) was impressed falls from 3V to 1.5V for resistance of bit line 34 self. If beta ratio is large enough, 
the potential of a node N2 will be held at the value near 0V. However, when beta ratio is 2, since 
resistance (inverse number of conductance) of ON condition of a transistor Q6 is the resistance [ twice ] 
of a transistor Q4, the potential of a node N2 rises to 0.5 V by those resistance division. 
[0022] The node N2 is connected to the gate electrode of the n channel MOS transistor Q2. Since the 
threshold electrical potential difference (Vth) of the n channel MOS transistors Q2 and Q4 is 0.7V, to 
the n channel MOS transistor Q2, the subthreshold level current of InA extent will flow. Since gate 
voltage (potential of a node N2) is 0.5V, the p channel MOS transistor Ql which is connected to the n 
channel MOS transistor Q2 at this time, and constitutes the inverter is in ON condition. That is, the 
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electrical potential difference Vcc (3 V) is impressed to the source of the p channel MOS transistor Ql, 
and the gate voltage seen from the source is set to -2.5V (=0.5V-3 V). From this, as shown in drawing 
87 , the p channel MOS transistor Ql is in ON condition. According to drawing 87 , the drain current of 
the p channel MOS transistor Ql in this ON condition is 0.5nA extent, and is InA extent at the 
maximum. 

[0023] Thus, the current which flows as a subthreshold level current to the n channel MOS transistor 
Q2, and the current which flows to the p channel MOS transistor Ql are comparable. This means that 
resistance of the p channel MOS transistor Ql by the side of the node of "High" level (in this case, Nl) 
and the n channel transistor Q2 becomes equal at the time of read-out. Therefore, the potential of a node 
Nl descends to the one half of supply voltage Vcc, 1.5V [ i.e., ], by resistance division, actuation of a 
memory cell becomes unstable, or data will be reversed when the worst. If another language expresses, 
it will leak and come out of the charge of the level of "High" accumulated in the stray capacity of a node 
Nl to the touch-down potential Vss (0V) side with the n channel MOS transistor Q2 to which the 
subthreshold level current is flowing. At the time of standby, the leakage current of the n channel MOS 
transistor Q2 is very small (1 or less fA) one, and the charge of the decrement by leakage current is 
filled up with the p channel MOS transistor Ql of ON condition. However, since there are more currents 
which leak from the n channel MOS transistor Q2 at the time of read-out than the current supplied from 
the p channel MOS transistor Ql, data will be destroyed. 

[0024] A situation in case data are destroyed is explained a little in more detail. The node Nl is 
connected to the gate electrode of transistors Q3 and Q4. If the potential of a node Nl descends from 3V 
to 1.5 V, the electrical potential difference of 1.5V will be impressed to the gate electrode of the p 
channel MOS transistor Q3. At this time, the gate voltage seen from the source side of a transistor Q3 is 
-1.5V (=1.5V-3V). Therefore, the transistor Q3 which was in the OFF condition will be in ON condition 
before read-out at the time of read-out (refer to drawing 87 ). The gate voltage of the n channel MOS 
transistor Q4 also falls to it and coincidence from 3 V to 1.5V. Since the current which flows to a 
transistor Q4 decreases by this and a current flows to a transistor Q3, the potential of a node N2 rises. 
When the potential of a node N2 becomes higher than threshold electrical-potential-difference 0.7V of a 
transistor Q2, a transistor Q2 will be in ON condition, and much more currents will be passed rather 
than a subthreshold level current. Consequently, the potential of a node Nl falls further. If the potential 
of a node Nl becomes less than [ 0.7V ], the gate voltage impressed to a transistor Q4 becomes below a 
threshold, and a transistor Q4 will be in an OFF condition. Consequently, the potential of a node N2 
rises to 3 V, and the potential of a node Nl descends even to 0V. Thus, data will be reversed when the 
worst. That is, the information held at the memory cell is destroyed. 

[0025] About the instability of the memory cell by reduction of the above beta ratios, it is H.Shinohara. 
et al., Digest of Technical Papers, Symposium on VLSI It is stated to Technology and pp 106-107 in 
detail. 

[0026] Next, the trouble at the time of a data store is considered. A forward electrical potential 
difference is given to a word line 35 at the time of a store, and access transistors Q5 and Q6 are made 
into switch-on. And data are written in by making the bit line of the direction to write "Low" level with 
either of the bit lines 33 or 34 into the potential of 0V. The case immediately after writing the data of 
"Low" level in a node N2 is considered. Although the potential of a node Nl is "High" level, since an 
access transistor Q5 is in ON condition, it falls from Vcc (3 V) to Vcc-Vth (=2 V: Vth is threshold 
electrical -potential -difference =1 V of an access transistor Q5), and a memory cell becomes unstable. 
Therefore, the potential of a node Nl must be charged from (Vcc-Vth) to Vcc with the p channel MOS 
transistor Ql. Since the capacity of a node Nl is about 1 fF and ON current of the p channel MOS 
transistor Ql is InA, the time amount t required for charge serves as t=lfFxlV/lnA=lmicrosec. That is, 
time amount with long lmicrosec extent is needed until a memory cell will be in a stable condition. 
Information on a memory cell cannot be read between this time amount. The access time of the data 
store of SRAM and data read-out needs to be usually the time amount for about 50ns. Therefore, it is 
impossible to constitute the memory cell of SRAM which can be used on industry from TFT (p channel 
MOS transistor) whose ON current is InA extent. 
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[0027] Next, the trouble about the standby current of 16-megabit SRAM is considered. The memory cell 
of TFT load mold perfect CMOS-SRAM has adopted the configuration of a CMOS inverter. Therefore, 
there is no current pass of a direct current and only the leakage current of a transistor contributes to the 
power consumption of SRAM at the time of standby. In the memory cell of drawing 83 , one side has 
"High" level and, as for nodes Nl and N2, another side has the potential of "Low" level. In the node 
holding the potential of "High" level, the n channel MOS transistors Q2 or Q4 are in an OFF condition, 
and the p channel MOS transistors Ql or Q3 are in an OFF condition in the node which has the potential 
of "Low" level. The leakage current of 1 or less fA and the p channel MOS transistors (TFT) Ql and Q3 
of the leakage current of the n channel MOS transistors Q2 and Q4 is 100fA(s) ( drawing 87 ). 
Therefore, the standby current of a memory cell turns into leakage current for one about p MOS 
transistor (TFT) per cel. Therefore, the standby current of 16-megabit SRAM exceeds 1.7microA 
(=100fAx224 eel) and ImicroA, and cannot be easily good in SRAM of a low power. In order to realize 
a low power, it is necessary to make standby current below into ImicroA (if it to be able to do below 
O.lmicroA). For that purpose, the leakage current of TFT which constitutes the memory cell of SRAM 
must be 60 or less (if it can do 6 or less fAs) fAs. 

[0028] As mentioned above, when ON current of TFT was small, the trouble that actuation of a memory 
cell became unstable at the time of read-out of the data of SRAM made detailed and a store became 
clear. In order to avoid this trouble, the attempt which raises beta ratio of a driver transistor and an 
access transistor is made. For that purpose, it is necessary to make small gate width W of access 
transistors Q5 and Q6, and to enlarge gate width W of the driver transistors Q2 and Q4. However, since 
the minimum value of gate width W is decided by the possible minimum processing dimension, it 
becomes impossible to make small gate width W of access transistors Q5 and Q6 more than this. 
Therefore, in order to raise beta ratio, gate width W of the driver transistors Q2 and Q4 must be 
enlarged. However, it means that this causes increase of the chip area of SRAM and detailed-ization of it 
becomes impossible. Moreover, in order to raise beta ratio, a means to set up more greatly than that of 
the driver transistors Q2 and Q4 the threshold electrical potential difference Vth of access transistors Q5 
and Q6 is also considered. However, in order to reduce supply voltage Vcc with detailed-izing of a 
component, along with improvement in the degree of integration of SRAM, it is difficult to set up 
greatly the threshold electrical potential difference Vth of access transistors Q5 and Q6. 
[0029] Moreover, if the OFF current of TFT is large, the power consumption of SRAM will go up. Since 
the power consumption of SRAM is proportional to the number of TFT(s) (correctly calculated by x 
(number of TFT) (gate width).) If a degree of integration increases 4 times, power consumption will 
increase about 3 times. If the engine performance of TFT is the same, it is an inevitable problem that 
power consumption becomes large as the degree of integration of SRAM improves. 
[0030] As mentioned above, it is understood that the trouble that SRAM made detailed does not operate 
normally has a problem in the engine performance of TFT. As compared with the transistor formed on 
the single crystal silicon substrate, ON current of TFT is small and the thing with a large OFF current is 
for the grain boundary of the polycrystalline silicon which exists in the channel part of TFT. 
[003 1] The channel field and its circumference part of TFT used for SRAM made detailed are shown in 
drawing 88 . (A) of drawing 8888 shows the top view of TFT, and (B) shows a perspective view. The 
barrier layer 55 is intervened and formed in gate dielectric film on the gate electrode 60. A barrier layer 
55 consists of a drain field, a channel field, and a source field. The channel field has lapped with the gate 
electrode 60. As shown in the perspective view of (B) of drawing 88 , when the diameter of crystal grain 
of the polycrystalline silicon film with a thickness of 300A was investigated by observation by the 
transmission electron microscope (TEM), it turned out that it is an average of 200A. Gate width is 0.4 
micrometers and gate length is 0.8 micrometers. Therefore, about 800 crystal grain will exist in the 
0.4micrometerx0.8micrometer channel field, and 40 crystal grain will exist in the direction parallel to 
channel length. A grain boundary acts as a trap of the carrier in a channel field (electron hole) as known 
well. The carrier fixed to the trap eliminates the carrier near a grain boundary, and makes a potential 
barrier. By existence of this potential barrier, the electrical characteristics of TFT show phenomena, 
such as a fall of a drain current, and a fall of mobility, as compared with the transistor formed on the 
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single crystal silicon substrate. For this reason, ON current of TFT decreases. Moreover, many 
uncombined hands (dangling bond) of a silicon atom exist in a grain boundary. This uncombined hand 
forms much mid gap level into the energy band structure of silicon. An electron is excited by thermal 
excitation from a valence band through this mid gap level to a conduction band, and the OFF current of 
TFT increases by flowing from a drain to the source. Therefore, in order to increase ON current of TFT 
and to reduce an OFF current, it is required to enlarge the diameter of crystal grain of polycrystalline 
silicon, and to reduce the number of the grain boundaries. 

[0032] As an approach of increasing the diameter of crystal grain of polycrystalline silicon, by 
depositing amorphous substance (amorphous) silicon and annealing at the temperature of about 600 
degrees C for several hours, solid phase growth is carried out and there is a method of obtaining the 
polycrystalline silicon film of the diameter of a large drop. Although various the formation approaches 
of this amorphous silicon exist, there is the approach of forming an amorphous silicon with the CVD 
method of whenever [ made from disilane (Si two H6) gas for example low-temperature ] (- 450 degrees 
C). However, although it is possible to increase the particle size of polycrystalline silicon more than - 
1 micrometer, the generating location of the grain boundary is uncontrollable by this approach. 
[0033] For example, the approach of enlarging the diameter of crystal grain of the polycrystalline silicon 
film which carried out solid phase growth is indicated by JP,62-287614,A by forming the amorphous 
silicon film by the thickness of 1000A or more. Moreover, the thin film transistor which makes a 
channel field the crystalline region except a grain-boundary part is indicated by JP,2-84773,A. However, 
the method of obtaining the polycrystalline silicon film of the diameter of a large drop from the 
amorphous silicon film in these official reports is only indicated, and the approach of controlling the 
generating location of the grain boundary itself is not indicated at all. 

[0034] Therefore, in TFT made detailed, it was not avoided that the grain boundary exists at a certain 
amount of rate in a channel field. Moreover, TFT equipped with the channel field which consists of the 
crystalline structure by which it was controlled so that big ON current and a small OFF current were 
shown was not able to be obtained depending on the conventional solid phase grown method. 
[0035] The purpose of this invention is canceling the above troubles, and is offering the thin film 
transistor which read-out write-in actuation is stabilized in the perfect CMOS mold SRAM made 
detailed, and can reduce power consumption, and its manufacture approach. 
[0036] 

[Means for Solving the Problem] The electric field effect mold thin film transistor concerning claim 1 is 
formed on an insulator, and is equipped with a semi-conductor thin film, the source and a drain field and 
gate dielectric film, and a gate electrode. A semi-conductor thin film contains the part which forms the 
channel field which has predetermined channel width. The source and a drain field are formed of the 
channel field in the part of the semi-conductor thin film separated in the direction which intersects 
channel width. Gate dielectric film is formed on the channel field. The gate electrode is formed on gate 
dielectric film. The current value which flows between the source per channel width of 1 micrometer 
and a drain field When the electrical potential difference of -3 V is impressed between the electrical 
potential difference of -3 V, a gate electrode, and a source field between the source and a drain field, - 
The channel field of a semi-conductor thin film consists of the crystalline structures by which it was 
controlled to be more than 0.25microA, and to be -15 or less fAs when the electrical potential difference 
of 0V is impressed between the electrical potential difference of -3 V, a gate electrode, and a source field 
between the source and a drain field. 

[0037] The electric field effect mold thin film transistor concerning claim 2 is equipped with a semi- 
conductor thin film, the source and a drain field and gate dielectric film, and a gate electrode. A semi- 
conductor thin film contains the part which forms a channel field. The source and a drain field are 
formed in the part of the semi-conductor thin film separated by the channel field. Gate dielectric film is 
formed on the channel field. The gate electrode is formed on gate dielectric film. It consists of single 
crystals and the channel field of a semi-conductor thin film is 109. An individual / cm2 In the 
manufacture approach of the electric field effect mold thin film transistor concerning claim 3 which has 
the crystal defect consistency of the following, the polycrystal semi-conductor film is formed first. The 



http://www4.ipdl . ncipi .go.j p/cgi-bin/tran_web_cgi_ejj e 2/1 5/06 



JP,06- 14063 1,A [DETAILED DESCRIPTION] 

r t 



Page 8 of 29 



amorphous semiconductor film by which the crystalline-nucleus generating number of a field was 
controlled by one or less in part is formed by pouring semi-conductor ion into the polycrystal semi- 
conductor film with a predetermined injection rate alternatively. By heat-treating this amorphous 
semiconductor film, the crystalline substance semi-conductor thin film with which a field consists of a 
single crystal in part is formed. On it, it is a field a part and gate dielectric film is formed. A gate 
electrode is formed on gate dielectric film. The source and a drain field are formed by introducing an 
impurity into two fields of a crystalline substance semi-conductor thin film which face across a field in 
part. 

[0038] In the manufacture approach of the electric field effect mold thin film transistor concerning claim 

4, it has the main front face and the amorphous semiconductor film by which the crystalline-nucleus 
generating number around a predetermined field was controlled by one or less is formed. By removing 
the amorphous semiconductor film alternatively, the side face of the amorphous semiconductor film is 
formed so that an acute angle may be made to the main front face. By heat-treating the amorphous 
semiconductor film, the crystalline substance semi-conductor thin film with which a field consists of a 
single crystal in part is formed. On it, it is a field a part, gate dielectric film is formed, and a gate 
electrode is formed on gate dielectric film. The source and a drain field are formed by introducing an 
impurity into two fields of a crystalline substance semi-conductor thin film which face across a field in 
part. 

[0039] In the manufacture approach of the electric field effect mold thin film transistor concerning claim 

5, the amorphous semiconductor film by which the crystalline-nucleus generating number around a 
predetermined field was controlled by one or less is formed first. A minute crystalline nucleus is 
generated by [ of the amorphous semiconductor film ] pouring a hydrogen ion or fluorine ion into a field 
in part. By heat-treating the amorphous semiconductor film, said crystalline substance semi-conductor 
thin film with which other fields other than a field consist of a single crystal in part is formed. Gate 
dielectric film is formed on other fields. A gate electrode is formed on gate dielectric film. The source 
and a drain field are formed by introducing an impurity into two fields which face across other fields of 
a crystalline substance semi-conductor thin film. 

[0040] In the manufacture approach of the electric field effect mold thin film transistor concerning claim 

6, the amorphous semiconductor film by which the crystalline-nucleus generating number around a 
predetermined field was controlled by one or less is formed first, some amorphous semiconductor film ~ 
an electron ray is irradiated by the field. By heat-treating the amorphous semiconductor film, the 
crystalline substance semi-conductor thin film with which a field consists of a single crystal in part is 
formed. It is a field a part, gate dielectric film is formed upwards, and a gate electrode is formed on gate 
dielectric film. The source and a drain field are formed by introducing an impurity into two fields of a 
crystalline substance semi-conductor thin film which face across a field in part. 

[0041] In the manufacture approach of the electric field effect mold thin film transistor concerning claim 

7, the amorphous semiconductor film by which the crystalline-nucleus generating number around a 
predetermined field was controlled by one or less is formed first, some amorphous semiconductor film ~ 
compressive stress is made to remain by the field By heat-treating the amorphous semiconductor film, 
the crystalline substance semi-conductor thin film with which a field consists of a single crystal in part is 
formed. It is a field a part, gate dielectric film is formed upwards, and a gate electrode is formed on gate 
dielectric film. The source and a drain field are formed by introducing an impurity into two fields of a 
crystalline substance semi-conductor thin film which face across a field in part. 

[0042] In the manufacture approach of the electric field effect mold thin film transistor concerning claim 

8, the polycrystal semi-conductor film is formed first. By pouring semi-conductor ion into the 
polycrystal semi-conductor film with a predetermined injection rate alternatively, the semi-conductor 
film with which the crystalline-nucleus generating number consists of an amorphous field controlled by 
one or less and a crystalline substance field which has the part of the amorphous field which carries out 
point contact to a field in part is formed. By heat-treating the semi-conductor film, the crystalline 
substance semi-conductor thin film with which a field consists of a single crystal in part is formed. It is a 
field a part and gate dielectric film is formed upwards. A gate electrode is formed on gate dielectric film. 
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The source and a drain field are formed by introducing an impurity into two fields of a crystalline 
substance semi-conductor thin film which face across a field in part. 

[0043] In the manufacture approach of the electric field effect mold thin film transistor concerning claim 

9, the amorphous semiconductor film which made one crystalline nucleus remain is formed only in a 
field in part. By heat-treating the amorphous semiconductor film, the crystalline substance semi- 
conductor thin film with which a field consists of a single crystal in part is formed. It is a field a part and 
gate dielectric film is formed upwards. A gate electrode is formed on gate dielectric film. The source 
and a drain field are formed by introducing an impurity into two fields of a crystalline substance semi- 
conductor thin film which face across a field in part. 

[0044] In the manufacture approach of the electric field effect mold thin film transistor concerning claim 

10, the amorphous semiconductor film including the field which has the 1st thickness, and the field 
which has the 2nd larger thickness than the 1st thickness is formed. As for this amorphous 
semiconductor film, the crystalline-nucleus generating number around a predetermined field is 
controlled by one or less. By heat-treating this amorphous semiconductor film, the crystalline substance 
semi-conductor thin film with which the field which has the 2nd thickness consists of a single crystal is 
formed. Gate dielectric film is formed on the field which has the 2nd thickness, and a gate electrode is 
formed on the gate dielectric film. The source and a drain field are formed by introducing an impurity 
into two fields which face across the field which has the 2nd thickness of said crystalline substance 
semi-conductor thin film. 

[0045] 

[Function] In the electric field effect mold thin film transistor concerning claim 1, ON current per gate 
width of 1 micrometer is more than 0.25microA. Therefore, when 16 megabits or more are integrated 
highly and the thin film transistor of this invention is used for SRAM made detailed as a load transistor, 
read-out write-in actuation of SRAM is stabilized. Moreover, in the thin film transistor concerning claim 
1, the OFF current per gate width of 1 micrometer is 15 or less fAs. Therefore, when 16 megabits or 
more are integrated highly and this thin film transistor is applied to the load transistor of SRAM made 
detailed, the power consumption of SRAM is reduced. 

[0046] In the electric field effect mold thin film transistor concerning claim 2, the channel field of a 
semi-conductor thin film consists of single crystals, and it is 109. An individual / cm2 It has the crystal 
defect consistency of the following. Therefore, this thin film transistor shows the OFF current reduced 
while big ON current was shown. Therefore, this thin film transistor contributes to reducing the power 
consumption of SRAM while it integrates highly and it stabilizes read-out write-in actuation of SRAM 
made detailed. 

[0047] In the manufacture approach of the electric field effect mold thin film transistor concerning claim 
3 thru/or 10, it is controlled so that a channel field is formed from a single crystal. Moreover, the crystal 
defect consistency contained to a channel field is also reduced. Consequently, while ON current higher 
than before is shown, the thin film transistor which shows the OFF current reduced more may be 
manufactured. 
[0048] 

[Example] (B) of the top view showing TFT according [ (A) of drawing 1 ] to one example of this 
invention and drawing 1 is the perspective view. In drawing 1, the structure of TFT of this invention 
applicable to SRAM made detailed is shown typically. TFT as a p channel MOS transistor is equipped 
with the gate electrode 60 and the barrier layer 55. The gate electrode 60 is intervened and formed in 
gate dielectric film on the barrier layer 55. A barrier layer 55 consists of channel field 55a and source 
drain field 55b. Channel field 55a is formed from the single-crystal-silicon layer excluding the grain 
boundary. Source drain field 55b is formed from the polycrystalline silicon layer. Channel field 55a has 
the crystal defect consistency controlled by the low value. 

[0049] Table 1 shows the property of TFT equipped with the barrier layer by the various manufacture 
approaches. In Table 1, the value of ON current of TFT and an OFF current, the number of the grain 
boundaries which cross each channel field of TFT, and the crystalline (defect density) relation of a 
channel field are shown. In Table 1, No. 1-3 show the property of TFT using the barrier layer by 
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manufacture approach A-H of this invention. No. -- 4 and 5 show the property of TFT using the barrier 
layer by the conventional solid phase grown method. No.6-8 show the property of TFT using the barrier 
layer by other manufacture approaches as an example of a comparison. The value which converted the 
current value into per channel width of 1 micrometer is shown. As for O mark and the thing which is not 
filled, ON current is judged more than 0.25micro A/mu m about TFT with which an OFF current fills 
the conditions of both below 15 fA/mu m to be x mark. 
[0050] 

[Table 1 ] 
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Table 1 ~ referring to - No. - 4 and 5 show the property of TFT using the barrier layer formed only 
with the solid phase grown method, without controlling the location of the grain boundary. Especially 
according to No.4, even if a grain boundary does not exist in a channel field, since the crystal defect 
consistency is large, the conditions of the above-mentioned predetermined current value are not 
satisfied. Thus, even if the grain boundary does not exist in a channel field, defect density is 1x109. An 
individual / cm2 When it is extent, it is understood that desired value of ON current and an OFF current 
cannot be filled. 

[005 1] On the other hand, TFT (2 No. 1, 3) using the barrier layer by the manufacture approach of this 
invention satisfies the desired value of ON current and an OFF current. The channel field by the 
manufacture approach of this invention does not include the grain boundary, but is 1x109. An 
individual / cm2 It has the crystal defect consistency of the following. 

[0052] The property of TFT using the barrier layer by the laser annealing method is referred to as other 
examples. When No.6 have the large output of laser to extent which polycrystalline silicon fuses, No. 7 
show the case where the laser output which is extent which polycrystalline silicon does not fuse is small. 
As for the magnitude of the silicon crystal grain which constitutes a barrier layer, in the case of No.6, 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 2/15/06 



JP,06- 140631, A [DETAILED DESCRIPTION] 

* • 



Page 1 1 of 29 



particle size has also gathered in about 0.5 micrometers. The one grain boundary exists in a channel 
field. However, since a crystal defect consistency is stopped by the very low value, TFT which fills the 
desired value of ON current and an OFF current can be obtained. In the case of No. 7, it is small, and 
since a crystal defect consistency is also high, the diameter of crystal grain of the barrier layer obtained 
cannot fill a demand of a predetermined current value. 

[0053] No. 8 [ moreover, ] — LPCVD the property of TFT using the polycrystalline silicon layer by 
law as a barrier layer is shown. In this case, the diameter of crystal grain which constitutes a barrier 
layer is minute at about 150A. This TFT cannot fill a demand of a predetermined current value. 
[0054] Drawing 2 shows the electrical characteristics of TFT by one example of this invention 
repeatedly to the conventional example. Drain current ID at the time of impressing drain electrical- 
potential-difference VD — 3V of TFT with 0.8 micrometers [ of channel length ], and a channel width of 
0.4 micrometers to drawing 2 The relation of gate voltage VG is shown. According to TFT of this 
invention, it is the drain current ID at the time of gate voltage VG =-3V (ON condition). -O.lmicroA 
(10-7 A) and drain current ID at the time of gate voltage VG =0V (OFF condition) It is -6fA (6x10-15 
A). These values will be -0.25micro A/mu m and -15 fA/mu m, respectively, if it converts into per gate 
width of 1 micrometer. Compared with the conventional TFT, it is understood that TFT of this invention 
shows high ON current and a low OFF current. 

[0055] (A) of drawing 3 and (B) are the top views of the memory cell of TFT load mold perfect CMOS 
and SRAM by one example of this invention showing superficial arrangement of the upper layer and a 
lower layer active element, respectively. In addition, the representative circuit schematic of the memory 
cell of SRAM of this invention is the same as that of drawing 83 and drawing 84 which show the 
conventional example. 

[0056] With reference to drawing 3 (A), in the upper layer, gate dielectric film is intervened on a barrier 
layer 55, and the gate electrode 60 is formed. Boron (B) is introduced into the barrier layer of a field 
which has not lapped with the gate electrode 60, and source drain field 55b of p mold is formed in it. 
Source drain field 55b is formed from a polycrystalline silicon layer. Thereby, the p channel MOS 
transistors (TFT) Ql and Q3 are formed. The top gate mold structure which has the gate electrode 60 on 
a barrier layer 55 is used for the upper active element. 

[0057] On the other hand, as shown in drawing 3 (b), in a lower layer, it is p of a semi-conductor 
substrate. - The barrier layer 56 is formed in the field. Gate dielectric film is intervened on a barrier 
layer 56, and the gate electrode 71 is formed. It is n+ by introducing arsenic (As) into the barrier layer of 
a field which has not lapped with the gate electrode 71 . Source drain field 56b is formed. Thus, the n 
channel MOS transistors Q2, Q4, Q5, and Q6 are formed. Moreover, in order to connect a vertical layer 
electrically, through holes 51a, 51b, 52, 53, and 54 are formed. In the field of a through hole 52, the gate 
electrode 60 and the barrier layer 55 are formed so that it may not lap mutually. 

[0058] Drawing 4 shows the cross section seen from the direction which met the K-K line of drawing 3 . 
With reference to drawing 4 , the cross-section structure of one example of the memory cell of SRAM 
where TFT of this invention was applied is explained. Since lower layer structure is the same as that of 
the conventional example ( drawing 86 ), it explains briefly. The separation oxide film 21 is formed so 
that a barrier layer 56 may be divided into the silicon single crystal substrate 1. Gate dielectric film 41 is 
formed on channel field 56a. The gate electrode 71 is formed on gate dielectric film 41 . Source drain 
field 56b of n mold is formed in the field of a barrier layer separated with the gate electrode 71. The 
interlay er insulation film 42 is formed on the gate electrode 71. Into the interlay er insulation film 42, 
opening of the through holes 51a, 51b, 52, 53, and 54 is carried out. The electric conduction film 81 is 
formed in each through hole. The electric conduction film 81 consists of a polycrystalline silicon layer 
and a tungsten silicide layer. The barrier layer 55 which consists of a polycrystalline silicon layer with a 
thickness of 1000A which does not include the grain boundary is formed in the channel field so that it 
may be filled up with the inside of a part of through hole 52 and the field of through hole 5 lb on an 
interlayer insulation film 42 (refer to drawing 3 ). As is 3xl018-/cm2 in a barrier layer 55. By 
introducing with ion-implantation with an injection rate, channel field 55a of n mold is formed. On the 
barrier layer 55, the gate dielectric film 43 which consists of an oxide film with a thickness [ by the 
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CVD method ] of 200A is formed, the gate electrode 60 -- an interlayer insulation film 42 top — a part of 
through hole 52 ~ it is formed, respectively so that it may be filled up with the inside of a field and the 
field of through hole 51a. Source drain field 55b of p mold is formed in the barrier layer 55. When it 
constitutes source drain field 55b as LDD structure, it is Ixl013-/cm2 at the impregnation energy of 
10keV(s) about boron (B) in [ of about 60 gate electrode ] source drain field 55b first. It is p by carrying 
out an ion implantation with an injection rate. - A field is formed. Then, it is injection rate Ixl015-/cm2 
at impregnation energy lOkeV about boron (B) after forming an insulator layer spacer in the side 
attachment wall of the gate electrode 60. It is p+ by pouring into source drain field 55b. A field is 
formed. Thus, the upper p channel MOS transistors (TFT) Ql and Q3 are constituted. 
[0059] In addition, it is prepared for planning electrical installation of a barrier layer 55 and a lower 
layer so that a barrier layer 55 may not lap with the gate electrode 60 mutually in the field of a through 
hole 52 in (A) of drawing 3 . The ion implantation for forming source drain field 55b in a barrier layer 
55 is performed from the upper part of the gate electrode 60. Therefore, if the gate electrode 60 is 
formed in all the fields of a through hole 52, boron will not reach in the field of a through hole 52 to the 
barrier layer 55 located under the gate electrode 60. Consequently, electrical installation of a barrier 
layer 55 and a lower layer cannot be planned. 

[0060] The interlayer insulation film 44 is formed so that the upper TFT may be covered. The aluminum 
wiring layer 91 is formed so that it may connect with source drain field 56b through through holes 53 
and 54. Furthermore, the interlayer insulation film 45 which consists of an oxide film is formed on the 
aluminum wiring layer 91 . On an interlayer insulation film 45, the aluminum wiring layer 92 for word 
line reinforcement is formed. Thus, the memory cell of TFT load mold perfect CMOS-SRAM of this 
invention is constituted. 

[0061] TFT(p channel MOS transistor) Ql of this invention and ON current of Q3 are O.lmicroA 
( drawing 2 ). Therefore, even if the subthreshold level current of InA flows to the driver transistor Q2 
(or Q4) of the node by the side of "High" level at the time of read-out of data, ON current (O.lmicroA) 
with the p channel MOS transistor (TFT) Ql (or Q3) larger double figures by the side of the node of 
"High" level than a subthreshold level current can be supplied. Therefore, in a semi-conductor 
manufacture process, when a component dimension varies, even if a component property (beta ratio) 
changes, read-out actuation of a memory cell with sufficient margin is guaranteed. 
[0062] Moreover, time amount tl required to charge the potential of the node of "High" level from (Vcc- 
Vth) to Vcc at the time of the store of data It has been O.lmicro tl =lfFxlV / A= 10ns (10-8sec). 
Consequently, the store of the data in the memory cell of SRAM of this invention is attained by the time 
amount with which it is satisfied of the write time required of semiconductor memory enough. 
[0063] Furthermore, the OFF currents of the p channel MOS transistors (TFT) Ql and Q3 by this 
invention are 6fA(s) ( drawing 2 ). Therefore, if TFT of this invention is applied, for example to 16- 
megabit SRAM, the standby current will be set to 0. ImicroA (=6fAx224 eel). Thus, since standby 
current of SRAM can be made below into ImicroA, SRAM of a low power is obtained. 
[0064] In addition, in the above-mentioned example, the structure (structure which has the gate electrode 
60 on a barrier layer 55) of a top gate mold is adopted as TFT load mold perfect CMOS-SRAM. 
However, as TFT of this invention, even if it will make TFT of this invention bottom gate mold 
structure (structure which has the gate electrode 60 under a barrier layer 55) if an OFF current satisfies 
below 15 fA/mu m, and ON current applies to SRAM above 0.25micro A/mu m, the same effectiveness 
is done so. 

[0065] Next, each of manufacture approach A-H of the semi-conductor thin film used as a barrier layer 
of TFT of this invention is explained. 

[0066] A. Since the crystalline-nucleus generating consistency of a field is decreased in part by injecting 
silicon ion into a polycrystalline silicon layer, approach example Al drawing 5 which carries out solid 
phase growth of the single crystal - drawing 7 are the top views showing the process by the 1st example 
of the manufacture approach A of a semi-conductor thin film in order. Drawing 5 is referred to and they 
are impregnation energy lOOkeV and 2x1 01 5/of injection rates cm 2 to a polycrystalline silicon field. By 
carrying out the ion implantation of the silicon, the amorphous field 102 where a crystalline-nucleus 
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generating consistency is large is formed. Moreover, impregnation energy lOOkeV, 5x1 015/of injection 
rates cm 2 By carrying out the ion implantation of the silicon, the amorphous field 101 where a 
crystalline-nucleus generating consistency is small is formed. Thus, the crystalline-nucleus generating 
number in the channel field 103 is made into one or less piece. 

[0067] Then, this amorphous silicon film is heat-treated in nitrogen-gas-atmosphere mind with a 
temperature of 600 degrees C for about 5 hours. As shown in the middle of solid phase growth during 
the heat treatment at drawing 6 , many nuclei 104 of a silicon single crystal are generated in the field 

102 where a crystalline-nucleus generating consistency is large. Moreover, in the field 101 where a 
crystalline-germ generating consistency is small, one nucleus 104 occurs in the channel field 103. 
[0068] After solid phase growth is completed, all amorphous silicon crystallizes and many crystal grain 
divided in the grain boundary 105 as shown in drawing 7 is formed. In the channel field 103, since 
crystal growth happens from one nucleus 104, the single crystal silicon which occupies the channel field 

103 whole region is formed. 

[0069] Example A2 drawing 8 - drawing 9 are the top views showing the 2nd example of the 
manufacture approach A of the semi-conductor thin film of this invention in order of a process. With 
reference to drawing 8 , the field 101 where a crystalline-nucleus generating consistency is small, and 
the field 102 where a crystalline-nucleus generating consistency is large are formed like an example Al 
in an amorphous silicon thin film. The field 101 where a crystalline-germ generating consistency is 
small includes the channel field 103. Among the fields 101 where a crystalline-germ generating 
consistency is small, area-size y of the outside of the channel field 103 is setup so that it may become 
y>=x to the shorter side x of the channel field 103 . 

[0070] Then, solid phase growth takes place by performing the heat treatment same to an amorphous 
silicon thin film as an example AL As shown in drawing 9 , also when the location of the nucleus 104 
generated in the field 101 where a crystalline-germ generating consistency is small exists out of the 
channel field 103 at this time, it may be controlled that a grain boundary 105 invades into the channel 
field 103 from the field 102 where a crystalline-germ generating consistency is large. This is because the 
distance from the field 102 where a crystalline-germ generating consistency is large to the channel field 
103 is setup sufficiently greatly to the shorter side of the channel field 103. Thus, the grown-up crystal 
reaches throughout channel field 103, and a single-crystal-silicon thin film is formed in the channel field 
103 whole region. 

[0071] B. Approach example Bl drawing 10 which carries out solid phase growth of the amorphous 
silicon thin film which has the side attachment wall of an inclination configuration to the single crystal 
silicon is the sectional view showing the 1st example of the manufacture approach B of the semi- 
conductor thin film of this invention in order of a process. With reference to (A) of drawing 10 , the 
amorphous silicon thin film 203 is formed on an insulating substrate 202. The amorphous silicon thin 
film 203 is formed at the temperature of 450 degrees C using Si two H6 / mixed gas of N2. By adjusting 
this mixed-gas ratio, it is possible to form the amorphous silicon thin film which has the thickness of the 
range of 100-8000A. In this example, the amorphous silicon thin film 203 of 2000A of thickness is 
formed. 

[0072] With reference to (B) of drawing 10 , the resist film 208 by which patterning was carried out is 
formed in the field which is equivalent to the channel field of TFT on the amorphous silicon thin film 
203. The magnitude of this resist film 208 is larger than the area which should serve as a channel field of 
TFT essentially. For example, as for the magnitude of the resist film 208, about 0.3 micrometers of 
width of face of length and width are large, respectively. That is, when forming TFT with 0.8 
micrometers [ of channel length ], and a channel width of 0.4 micrometers, the magnitude of the resist 
film 208 is l.lmicrometerx0.7micrometer. 

[0073] Next, as shown in (C) of drawing 10 , patterning of the amorphous silicon thin film 203 is carried 
out, using the resist film 208 as a mask so that the side attachment wall of an inclination configuration 
may be formed by resist backstep sequence in the plasma gas ambient atmosphere of a HC1 system. 
Whenever [ tilt-angle / of this side attachment wall ] is so desirable that it is a small include angle. For 
example, patterning of the amorphous silicon thin film 203 is carried out so that whenever [ tilt-angle / 
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of a side attachment wall ] may turn into 45 degrees. 

[0074] As shown in (D) of drawing 10 , the amorphous silicon thin film 203 by which patterning was 
carried out so that a side-attachment-wall side might become an inclination configuration is heat-treated 
at the temperature of 600 degrees C in nitrogen-gas-atmosphere mind for 12 hours. An amorphous 
silicon is heat-treated and a correlation exists between the thickness of the amorphous silicon heat- 
treated in the crystalline-substance-ized process, and the crystallization rate of the polycrystalline silicon 
formed. For example, when heat-treating the amorphous silicon of 2000A of thickness at the 
temperature of 600 degrees C, it crystallizes 100% in 3 hours, and the diameter of crystal grain is 1.2-1.5 
micrometers. Moreover, if the amorphous silicon of 500A of thickness is heat-treated at the temperature 
of 600 degrees C for 12 hours, an amorphous silicon will be crystallized 100%. That is, when heat- 
treating the amorphous silicon thin film which has the inclination side-attachment-wall section, the rate 
of crystal growth of the center section of the amorphous silicon thin film is quick, and the rate of crystal 
growth of inclination side ****** is slow. Therefore, as shown in (D) of drawing 10 , the polycrystalline 
silicon thin film 207 without the grain boundary may be formed in a center section. 
[0075] In the above example Bl, the dimension of the resist pattern used uses the thing with a dimension 
[ in every direction than the channel area of TFT ] big 0.3 micrometers. This is a photoengraving- 
process process for forming a channel field, and is because the gap of the superposition dimension when 
forming a mask in the polycrystalline silicon thin film by which patterning was carried out again was 
taken into consideration. As shown in (D) of drawing 1010 , to form in the inclination side-attachment- 
wall section of the polycrystalline silicon thin film 207 TFT which has a grain boundary, the resist 
pattern of the above big sizes is not required. Moreover, although whenever [ tilt-angle / of a side 
attachment wall ] was set as 45 degrees, if an amorphous silicon can be crystallized so that the grain 
boundary may not be included in the channel field of TFT, it will not be limited to this include angle. 
Although the amorphous silicon thin film of 2000A of thickness which has the sloping side-attachment- 
wall side is heat-treated at the temperature of 600 degrees C in the above-mentioned example for 12 
hours, as long as it crystallizes only the field of 2000A of thickness, heat treatment of 3 hours is 
sufficient. 

[0076] An amorphous condition is in a condition without the regular crystal structure like the usual 
solid-state crystal. However, in fact, into the amorphous silicon deposited with the low-temperature 
CVD method, if it restricts only to a very minute field, since the regular crystal structure which is called 
a "minute crystalline nucleus" exists, it cannot be said as a perfect amorphous condition. In using such 
t an amorphous silicon as single crystal silicon using a solid phase grown method, karyogenesis is mainly 
carried out from this minute crystalline nucleus, and a silicon crystal grows. During heat treatment of 
solid phase growth, if karyogenesis only of the one piece is carried out into a certain field, this field can 
consist of one single crystal silicon. 

[0077] As an approach of reducing a minute crystalline nucleus, the ion implantation of the silicon is 
carried out, association of a minute crystalline nucleus is cut, and the approach of breaking regular 
structure is learned. R.B. Iversonand R.Reif J.Appl.Phys.62(5), 1 September By 1987 and p. 1675-1681, 
it is reported by by carrying out the ion implantation of the silicon that the condition of association in an 
amorphous silicon is changeable. In example B-2 of the manufacture approach of the semi-conductor 
thin film of this invention, the generating location of the grain boundary is controlled using an above- 
mentioned thing. 

[0078] Example B-2 drawing 1 1 - drawing 14 are the sectional views showing the 2nd example of the 
manufacture approach B of the semi-conductor thin film of this invention in order of a process. With 
reference to drawing 1 1 , the insulator layer 202 is formed on the semi-conductor substrate 201. The 
amorphous silicon thin film 203 is formed like an example Bl by 2000A of thickness on an insulator 
layer 202. The condition that the amorphous silicon thin film 203 was etched using the resist film 208 as 
a mask is shown in drawing 1 1 . Before removing the resist film 208, silicon ion is 3xl015-/cm2 by 30 
rotation slanting impregnation (arrow head 214) to the direction of a normal at impregnation energy 
lOOkeV only to the periphery of the pattern of the amorphous silicon thin film 203. It is poured in with 
the injection rate which is extent. Thereby, the minute crystalline nucleus in the periphery 212 of the 
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amorphous silicon thin film 203 can be lost. Moreover, the condition that silicon does not carry out 
karyogenesis only of the one piece during solid phase growth in the center section 203 by which an ion 
implantation is not carried out may be realized. Drawing 21 is the top view which looked at the field of 
an amorphous silicon thin film from the top. What is necessary is just to decide deltaS so that it may be 
set to rhoT(S-deltaS) <1 when 0-/cm2 / min, and heat treatment time amount of solid phase growth are 
set to Tmin for the karyogenesis consistency of the field where the ion implantation of deltaScm2 and 
the silicon was carried out in the field where the ion implantation of rho/cm 2 / min, and the silicon was 
carried out [ product / of an amorphous silicon thin film / whole surface ] in the karyogenesis 
consistency of Scm2 and the amorphous silicon itself, as shown in drawing 2 1 . A rotation slanting 
impregnation include angle and impregnation energy can determine deltaS. 

[0079] for example, the case where solid phase growth of the amorphous silicon of 2 (0.8 micrometers 
long, 0.4 micrometers wide), karyogenesis consistency rho=3xl06 / cm2 / min is processed and carried 
out by T=180min an area of S= 0.32 micrometers -- the upper formula -- deltaS>0. 1 lmicrometer2 it 
must be . The range of silicon ion is about 0.20 micrometers at the time of impregnation energy lOOkeV. 
With this impregnation energy, if rotation slanting impregnation is performed at 30 impregnation 
include angles, the field of 0. 1 micrometers of **** by which silicon impregnation was carried out will 
be formed in the periphery of an amorphous silicon, this time -- deltaS=0.2micrometer2 it is ~ the upper 
formula is satisfied. 

[0080] Next, with reference to drawing 12 , the resist film 208 is removed and the condition that heat 
treatment of solid phase growth was started is shown. The minute crystalline nucleus 206 is beginning to 
grow. The heat treatment temperature in this case is set as about 600 degrees C. Then, as shown in 
drawing 13 , crystal growth is performed and the minute crystalline nucleus 206 grows up to be the big 
crystal 207. Finally, the field of an amorphous silicon is filled with single crystal silicon 207 as shown in 
drawing 14 . 

[0081] In addition, what is necessary is to carry out the ion implantation (for example, Ixl015-/cm2 
injection rate of extent) of the silicon to the whole amorphous silicon field beforehand, and just to make 
rho small, when area S and the karyogenesis consistency rho are large and it is difficult to satisfy the 
upper formula. 

[0082] an example B3 - this example shows the case where example B-2 is applied to an example Bl. 
Drawing 15 - drawing 17 are the sectional views showing the 3rd example of the manufacture approach 
B of the silicon thin film of this invention in order of a process. With reference to drawing 15 R> 5, the 
amorphous silicon thin film 209 is formed on the insulator layer 202. The condition of having been 
etched so that it might become large is shown as the resist film 208 is used as a mask and the field of the 
amorphous silicon thin film 209 approaches an insulator layer 202. That is, the side-attachment-wall 
side of the amorphous silicon thin film 209 has an inclination configuration. Before removing the resist 
film 208, silicon ion is poured into the periphery of the amorphous silicon thin film 209 as shown by the 
arrow head 205. Thereby, the minute crystalline nucleus of the periphery of the amorphous silicon thin 
film 209 can be lost. 

[0083] With reference to drawing 16 , the resist film 208 is removed and the condition that heat 
treatment of solid phase growth was started is shown. If the magnitude of the resist film 208 and the 
degree of taper etching are set up so that the formula of example B-2 may be filled, karyogenesis can 
make one situation all over the field of the amorphous silicon thin film 209. Thus, if solid phase growth 
is performed, as finally shown in drawing 17 , the minute crystalline nucleus 206 will grow and it will 
become single crystal silicon 207. 

[0084] In the above-mentioned example B3, since the rate of crystal growth should be slow in a 
periphery even if a nucleus occurs in the periphery of an amorphous silicon thin film, the grain boundary 
of the crystal grain by this nucleus does not arrive at a center section. This is because the factor of the 
rate of crystal growth exists as an important thing together with a karyogenesis consistency, when 
carrying out solid phase growth of the amorphous silicon and making single crystal silicon. About the 
rate of crystal growth, research shows becoming large wholeheartedly, so that the thickness of an 
amorphous silicon is thick. In addition, what is necessary is just to remove by wet etching or scaling, 
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when the small crystal grain formed in the periphery becomes a problem. 

[0085] Example B4 drawing 18 - drawing 20 are the sectional views showing the 4th example of the 
manufacture approach B of the semi-conductor thin film of this invention in order of a process. With 
reference to drawing 18 , the amorphous silicon thin film 210 is formed on an insulator layer 202. The 
field of this amorphous silicon thin film 210 is formed so that it may become so small that it goes to an 
insulator layer 202 by back taper etching. That is, the amorphous silicon thin film 210 has the sloping 
side-attachment-wall side in a periphery. 

[0086] The condition that solid phase growth began is shown by by heat-treating to an amorphous 
silicon thin film with reference to drawing 19 . Research shows wholeheartedly that especially many 
minute crystalline nuclei to the interface of an oxide film and an amorphous silicon in an amorphous 
silicon exist. Therefore, if the field 211 where the amorphous silicon thin film 210 and an insulator layer 
(oxide film) 202 touch is made small by back taper etching of the amorphous silicon thin film 210, only 
the nucleus 206 which did not carry out [ the nucleus ] karyogenesis from a periphery 213 and was 
generated in the center section will grow. Thus, as shown in drawing 20 , the nucleus 206 generated in 
the center section can be grown up into single crystal silicon 207. That whole field can be used as a 
single crystal especially in this example B4, without making small the karyogenesis consistency of the 
periphery of an amorphous silicon thin film by carrying out the ion implantation of the silicon. In 
addition, after the configuration of the amorphous silicon thin film etched into the back taper deposits an 
amorphous silicon on the slot formed in the oxide film of taper etching and it carries out etchback to the 
interface of a pad, an oxide film, and an amorphous silicon, it may be formed by removing an oxide film 
by wet etching etc. 

[0087] C. Approach drawing 22 which is made to generate a micronucleus, is made to carry out solid 
phase growth of the field where karyogenesis consistencies other than the field are small, and is single- 
cry stal-ized is the sectional view showing one example of the manufacture approach C of the semi- 
conductor thin film of this invention in order of a process by [ of an amorphous silicon ] pouring the ion 
of hydrogen or a fluorine into a field in part. With reference to (A) of drawing 22 , an oxide film 302 is 
formed on the semi-conductor substrate 301. an oxide-film 302 top - the amorphous silicon film 308 ~ 
for example, LPCVD » it is formed using disilane (Si two H6) gas at the temperature of 450 degrees C 
of law. Then, the resist film 309 is formed on the part which is equivalent to the channel field of the 
amorphous silicon film 308 as shown by (B) of drawing 22 . Using this resist film 309 as a mask, as a 
hydrogen ion or fluorine ion is shown by the arrow head 310, it is 1.0x1 01 5-/cm2 at the impregnation 
energy of Number keV. It is alternatively poured into the amorphous silicon film 308 with the injection 
rate of extent. After removing the resist film 309, by performing heat treatment in nitrogen-gas- 
atmosphere mind at the temperature of about 600 degrees C, in the field 307 where a karyogenesis 
consistency is high, much small crystal grain 304 is made and the big crystal grain 3 1 1 is formed within 
the part 306 equivalent to a channel field. Thus, as shown in (C) of drawing 22 , a grain boundary 305 
does not exist in the channel field 306, but one crystal grain 3 1 1 can occupy the field. 
[0088] D. Approach drawing 23 which controls the generating location of minute crystal grain and is 
single-crystal-ized with solid phase growth - drawing 27 are the sectional views showing one example of 
the manufacture approach D of the semi-conductor thin film of this invention in order of a process by 
irradiating an electron ray at an amorphous silicon. With reference to drawing 23 , the insulator layer 
402 is formed on the semi-conductor substrate 401. On the insulator layer 402, the amorphous silicon 
film 403 is formed by the thickness which is about 2000A. The resist film is used as a mask and it is 
Ixl016-/cm2 at the impregnation energy of 140keV(s) about silicon ion to a field 404. By pouring in 
with the injection rate of extent, the minute crystalline nucleus which exists in the amorphous silicon 
film is destroyed. Thereby, the karyogenesis consistency in a field 404 is made into one or less piece. 
[0089] Then, as shown in drawing 24 , an electron ray 405 controls an exposure location into the surface 
central part of the field 404 of the amorphous silicon film, and is irradiated. Thereby, an amorphous 
silicon is melted and the minute crystalline nucleus 406 of the silicon at the time of solid phase growth is 
formed. At this time, the diameter of the electron ray irradiated is extracted to 0.05 micrometers, and 
impregnation energy is [ 50microA (output 0.5W) and the irradiation time of 10keV(s) and a current ] 
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[0090] Drawing 25 shows the condition that heat treatment of solid phase growth was started. Single 
crystal silicon is beginning to grow based on the only minute crystalline nucleus 406 in the field 404 
formed of the exposure of an electron ray 405. The temperature of heat treatment is set as about 600 
degrees C. Then, as shown in drawing 26 , the minute crystalline nucleus 406 grows up to be single 
crystal silicon 407. The single crystal silicon 407 which finally occupies a field 404 as shown in drawing 
27 is formed. Amorphous silicons other than field 404 turn into polycrystalline silicon 408. 
[0091] In addition, although the electron ray was irradiated in the above-mentioned example for 
karyogenesis, if it is the charged particle which can generate a nucleus, it is good anything. 
[0092] E. Approach example El drawing 28 which makes the rate of crystal growth control and single- 
cry stal-ize - drawing 33 are the sectional views showing the 1st example of the manufacture approach E 
of the semi-conductor thin film of this invention in order of a process by applying compressive stress to 
an amorphous silicon partially. With reference to drawing 28 , the amorphous silicon film 502 is formed 
on the thick silicon oxide (thermal oxidation film) 501 as an insulator layer. This amorphous silicon film 
502 is formed at temperature Tl (400-600 degrees C) by a plasma-CVD method etc. For example, the 
amorphous silicon film 502 is formed at the temperature of 450 degrees C, using a disilane (Si two H6) 
as material gas. With reference to drawing 29 , silicon oxide 503a is formed on the amorphous silicon 
film 502. This silicon oxide 503a is the temperature T2 lower than single crystal-ized temperature T3 
(usually 600 degrees C or more) of an amorphous silicon. It is formed on the conditions in which 
internal stress is stored. 

[0093] Then, as shown in drawing 30 , the resist film 504 is formed on silicon oxide 503a only at the 
periphery of the field which the amorphous silicon film 502 should make single-cry stal-ize. With 
reference to drawing 3 1 , silicon oxide 503b is formed by carrying out patterning of the silicon oxide 
503a, using the resist film 504 as a mask. Then, the resist film 504 is removed. 
[0094] Next, it is temperature T3 after silicon oxide 503b has adhered on the amorphous silicon film 
502, as shown in drawing 32 . Heat treatment is performed. Although it is, on the whole, going to single- 
crystal-ize the amorphous silicon film 502, since the internal stress conserved into silicon oxide 503b is 
released by heat treatment, it is influenced of the destressing in the field of the amorphous silicon film 
502 which is not covered with silicon oxide 503b. Therefore, as conversely shown by the arrow head 
507 in the amorphous silicon oxide film 502, internal stress (compressive stress) is added. Consequently, 
single crystal-ization of the field of a silicon acid or the amorphous silicon film 502 which is not 
covered with film 503b is promoted. Thus, as shown in drawing 33 , the single-crystal-silicon film 505 
is formed in the field which is not covered with silicon oxide 503b, and the polycrystalline silicon film 
506 is formed in the field covered with silicon oxide 503b. 

[0095] In drawing 29 , the case of being as follows can be considered as an example of the conditions on 
which internal stress is stored in silicon oxide 503a. Distribution as shown in drawing 40 (A) or (C) is 
shown under silicon oxide 503b to which patterning of relative density rho or the internal stress S was 
carried out. 

[0096] (I) T2 <T1 <T3 In the case Since growth of silicon oxide 503a is relatively lower than the 
formation temperature of the amorphous silicon film at the same time it is influenced of the amorphous 
silicon film 502 of a substrate, to silicon oxide 503 a, internal stress bank-comes to be easy. 
Consequently, the internal stress SI in the thermal oxidation film 501 which is the substrate of the 
amorphous silicon film, the internal stress S2 of the amorphous silicon film 502, and internal stress S3 in 
CVD silicon oxide 503a on the amorphous silicon film 502 Relation is S2<S1 <S3 in (A) of drawing 40 
R> 0. Or SI <S2 <S3 [ of drawing 40 ] of (C) It becomes either. Also setting in the case of which, the 
relation of internal stress is S2 <S3. It has a relation. 

[0097] (II) CVD silicon oxide 503a is nonstoichiometric composition, and, in the case that relative 
density is larger than the relative density of the amorphous silicon film 502, it is. 
[0098] The amorphous silicon film becomes stoichiometric from a single element. However, since the 
crystal lattice of the amorphous silicon film is confused greatly, if it measures the single-crystal-silicon 
film and volume which consist of the same atomic number, the volume will become large in proportion 
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[ to some extent ] to how to confuse a grid. Therefore, the consistency of the amorphous silicon film 
becomes small compared with the consistency of the single-crystal-silicon film. Therefore, relative 
density rho 2 of the amorphous silicon film Although it is small, it has the relation of rho2 <1. 
Moreover, since an amorphous silicon is formed of the chemical reaction in a silicon hydride or a 
hydrogen ambient atmosphere in many cases, as the presentation shown in Si:H and a chemical formula, 
the relative density is smaller than 1 including hydrogen. On the other hand, stoichiometry-silicon oxide 
is a chemical formula Si02. The percentage of Si and O is 1 to 2 so that it may be shown. However, 
when formed conditions other than the reaction of a balanced system in which silicon oxide is formed of 
thermal oxidation of single crystal silicon, it becomes a nonstoichiometric thing with the presentation of 
SiOX (X is not 2). Here, they are N2 0 and SiH4. If it is X< 2 like [ in the film formation by the plasma- 
CVD method of a system ], silicon will be in a superfluous condition and the relative density of the 
silicon oxide will become large from 1. At this time, it is rho2 <rhol <rho3 [ of drawing 40 ] of (A). Or 
rhol <rho2 <rho3 [ of drawing 40 R> 0 ] of (C) A case is hit and it is rho2 <rho3 like the case of (I). It 
becomes relation. 

[0099] Thus, at least, under one of conditions, when [ of the above (I) and (II) ] silicon oxide 503a is 
formed, above-mentioned compressive stress occurs during heat treatment at the time of solid phase 
growth in the amorphous silicon film 502 of the field which is not covered with silicon oxide 503b. 
Thereby, single crystal-ization of the applicable part is promoted compared with the case where 
compressive stress does not exist. 

[0100] Moreover, although an expression called single-crystal -izing is used in the above-mentioned 
explanation, also when an amorphous silicon phase transfers to the polycrystalline substance, it is single 
crystallization in large semantics. Therefore, even when single crystal-ization is promoted by existence 
of compressive stress and it polycrystalline-substance-izes, in order that each crystal grain which 
constitutes the polyciystalline substance may grow quickly compared with the case where the usual 
compressive stress does not exist, each particle size becomes comparatively large and the grain 
boundary area per unit volume decreases. 

Example E2 drawing 34 - drawing 39 are the sectional views showing the 2nd example of the 
manufacture approach E of the semi-conductor thin film of this invention in order of a process. With 
reference to drawing 34 , the amorphous silicon film 502 is temperature Tl by the plasma-CVD method 
on the insulator layer 501 which consists of thermal oxidation film. It is formed. As shown in drawing 
35 , CVD silicon oxide 503c which is easy to contract by the next heat treatment process is formed at 
temperature T2 on the amorphous silicon film 502. The temperature conditions at this time serve as Tl 
<T2 <T3 as a thing corresponding to the conditions (I) of an example El. This temperature condition is 
made into conditions (III). 

[0101] As shown in drawing 36 , the resist film 504 is formed only in the field to which the amorphous 
silicon film 502 should be single-crystal-ized on CVD silicon oxide 503c. Then, as shown in drawing 
37 , 503d of CVD silicon oxide is formed by etching CVD silicon oxide 503c, using the resist film 504 
as a mask. And the resist film 504 is removed. 

[0102] It is temperature T3 in the condition of having adhered to 503 d of CVD silicon oxide by which 
patterning was carried out on the amorphous silicon film 502 as shown in drawing 3 8 . Heat treatment is 
performed. 503d of silicon oxide by which patterning was carried out contracts by this, and induction of 
the compressive stress is carried out into the amorphous silicon film 502 of a substrate. Consequently, 
expansion of single-crystal-izing of the part to which induction of the compressive stress was carried 
out, or the particle size of a single crystal object is promoted. Generating of compressive stress is shown 
by the arrow head 507 in drawing 3 8 . Thus, as shown in drawing 39 , the single-crystal-silicon film 505 
and the polycrystalline silicon film 506 are formed. 

[0103] Moreover, under the conditions (III) in drawing 35 , the relation of the internal stress in each film 
is S3 <S2 <S1 [ of drawing 40 ] of (B). Or SI <S3 <S2 [ of drawing 40 ] of (D) It is either, which case -- 
also setting — the relation of internal stress - S3 ~ < -- S2 it is . 

[0104] Furthermore, CVD silicon oxide 503c is formed by the reduced pressure CVD method at 
comparatively high temperature, the conditions (IV) corresponding to the conditions of (II) of an 
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example El consist of SiOX(s) with a superfluous oxygen component (X> 2), and the relative density is 
a case lower than the relative density of the amorphous silicon film 502. Also in this case, the relation of 
the relative density of each film is rho3 <rho2 <rhol [ of drawing 40 ] of (B). Or rhol <rho3 <rho2 [ of 
drawing 40 ] of (D) It is either. Anyway, the relation of relative density is surely rho3 <rho2. It becomes. 

[0105] Thus, also in an example E2, the same effectiveness as an example El is done so. In the above- 
mentioned explanation, although explained bearing in mind the production process of TFT applied to 
SRAM, the above-mentioned manufacture approach is applicable also to the production process of the 
semiconductor device of all structures. 

[0106] Moreover, drawing 4 1 is the sectional view showing another process corresponding to drawing 
31 or drawing 37 . As shown in drawing 41 , silicon oxide 503 e is alternatively formed on the 
amorphous silicon film 502 by interrupting the flow 508 of material gas with the metal mask 509. Thus, 
if silicon oxide 503 e is formed covering the flow of material gas partially, alternative formation of a up 
to [ the amorphous silicon film 502 of silicon oxide 503e ] will be attained. 

[0107] In addition, although silicon is assumed as an ingredient of the semi-conductor film in the above- 
mentioned example the manufacture approach of the above-mentioned example — except for silicon -- 
germanium and C (a diamond --) graphite etc. ~ etc. ~ the IV-IV group compound semiconductor 
ingredient represented also with the thing of the single quality of the material by SiGe, and SiC and TiC 
-- duality like the group-III-V-semiconducter ingredient represented by GaAs, and GaP and InP, the II- 
VI group compound semiconductor ingredient represented by CdTe, AsSe, HgCdTe, and InGaAsP -- the 
semiconductor material which consists of the above element is applied to the compound semiconductor 
of any presentations. Moreover, the above-mentioned manufacture approach does so the effectiveness 
that the semiconductor material of what kind of condition of polycrystal, microcrystals, any of those 
mixture, etc. is the same. Moreover, in any [ of p mold, n mold and an intrinsic semiconductor ] case, the 
above-mentioned manufacture approach does the same effectiveness so. 

[0108] Furthermore, what kind of means may be used for plasma CVD, ECR(Electron Cycrotron 
Resonance) CVD, Light CVD, spatter deposition, vacuum evaporationo, liquid phase epitaxy, 
lamination, electron beam evaporation, molecular beam deposition, cluster ion beam vacuum 
evaporationo, etc., and the manufacture approach of the amorphous silicon film will not be especially 
limited, if what becomes a single crystal with solid phase growth, or comes to have a property near a 
single crystal can be formed. 

[0109] Moreover, although the example of silicon oxide is explained as an insulator layer 501 used as a 
substrate, it may not be limited to this and the insulator layer of what kind of the quality of the material 
is sufficient. 

[0110] Furthermore, although CVD silicon oxide is used in the above-mentioned example as film made 
to generate internal stress, as long as it has the property which change produces in internal stress, the 
volume, or a configuration according to the heat treatment process at the time of solid phase growth, 
what kind of a semiconductor material, an insulating ingredient, a metallic material, or a semimetal 
ingredient is sufficient. 

F. By contacting an amorphous silicon field and a polycrystalline silicon field in a minute part, approach 
drawing 42 which is made to carry out solid phase growth and is made to single-crystal-ize by using 
crystal grain of the polycrystalline silicon field of the contact section as a nucleus is the top view 
showing one example of the manufacture approach F of the semi-conductor thin film of this invention in 
order of a process. With reference to (A) of drawing 42 , it is in the condition which formed the mask by 
the resist etc. to the polycrystalline silicon field 601, for example, is 5xl015-/cm2 at the impregnation 
energy of 100keV(s). The ion implantation of the silicon is carried out with an injection rate. Thereby, 
the amorphous silicon field 603 is formed in the field by which the ion implantation was carried out. At 
this time, the field 602 where the ion implantation of the silicon was not carried out is still 
polycrystalline silicon. It is made for the point of the field 602 of polycrystalline silicon to become the 
physical relationship which contacted to the channel field 604 of TFT. In addition, the thickness of 
polycrystalline silicon is 1000 A. 
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[0111] Next, solid phase growth of an amorphous silicon is performed by performing heat treatment at 
the temperature of 600 degrees C. Thereby, as shown in (B) of drawing 42 , the crystal grain 606 with 
which magnitude was mostly equal to the part with the linear boundary of the amorphous silicon field 
603 and the polycrystalline silicon field 602 grows uniformly from the boundary section. On the other 
hand, in a part for the point of the polycrystalline silicon field 602, since the nucleus which is going to 
carry out crystal growth becomes single, the big crystal grain 605 grows compared with other parts. 
[0112] If heat treatment is furthermore continued, also in the amorphous silicon field 603, a nucleus will 
occur at random and crystal grain 607 will begin to grow. However, the crystal grain 605 generated from 
the single nucleus in the point of the polycrystalline silicon field 602 becomes still larger, and it grows 
up so that most channel fields 604 may be occupied. At this time, by controlling to include the whole 
channel field 604 in the crystal grain 605 which became this diameter of a large drop, while reducing the 
OFF current of TFT formed, it becomes possible to raise ON current. 

[0113] In addition, although the configuration of the height of the polycrystalline silicon field 602 is 
made into the shape of a triangle in the above-mentioned example, even if it forms the polycrystalline 
silicon field where width of face is extremely narrow as are shown in (A) of drawing 43 R> 3, and 
shown in, what added the shape of a triangle only at the tip of a rectangular height, and (B) of drawing 
43 , it is possible to carry out crystal growth of the single nucleus in the boundary section. 
G. Approach example Gl drawing 44 which a crystalline nucleus is made to remain partially, is made to 
carry out solid phase growth, and is single-cry stal-ized is the sectional view showing the 1st example of 
the manufacture approach G of the semi-conductor thin film of this invention in order of a process. With 
reference to (A) of drawing 44 , silicon oxide 702 is formed on a silicon substrate 701. On silicon oxide 
702, the amorphous silicon layer containing the part from which thickness differs is formed. For 
example, with amorphous silicon with a thickness of 1000 A layer 703 and a thickness of 2000 A 
amorphous silicon layer 703a is formed on silicon oxide 702. 

[01 14] Then, as shown in (B) of drawing 44 , in order to generate a crystalline nucleus in an amorphous 
silicon layer, heat treatment of the short time which is extent which the whole amorphous silicon layer 
does not crystallize is performed. For example, heat treatment of about 2 hours is performed to an 
amorphous silicon layer at the temperature of 620 degrees C. A crystalline nucleus 705 occurs by this 
heat treatment. At this time, heat treatment temperature and heat treatment time amount are adjusted so 
that only one crystalline nucleus may occur in amorphous silicon layer 703 a of thick thickness. 
[0115] Next, it is etched so that only partial 703a of the amorphous silicon layer of thickness thick as a 
mask may remain the resist film 741, as shown in (C) of drawing 44 . After the resist film 741 is 
removed, a crystalline nucleus grows by performing heat treatment for several hours at the temperature 
which is about 600 degrees C. Thereby, as shown in (D) of drawing 44 , the single crystal half conductor 
layer 706 which consists of big crystal grain is formed. In order that crystalline nuclei other than the 
crystalline nucleus generated in the 1st heat treatment may avoid being formed by this 2nd heat 
treatment, it is desirable to set the 2nd heat treatment temperature below to the 1st heat treatment 
temperature. 

Example G2 drawing 45 is the sectional view showing the 2nd example of the manufacture approach G 
of the semi-conductor thin film of this invention in order of a process. As shown in (A) of drawing 45 , 
silicon oxide 702 is formed on a silicon substrate 701. An amorphous silicon layer is formed on silicon 
oxide 702. The polycrystalline silicon layer 707 is formed by performing 1st heat treatment to this 
amorphous silicon layer. The grain boundary 710 exists in the polycrystalline silicon layer 707. 
[0116] As shown in (B) of drawing 45 , the resist film 704 is alternatively formed on the polycrystalline 
silicon layer 707. As shown in (C) of drawing 45 , as semi-conductor ion, such as silicon ion, is shown 
in an arrow head 720, it is poured into fields other than directly under [ of the resist film 704 ], using this 
resist film 704 as a mask. Thereby, a crystalline nucleus 705 remains to the field [ directly under ] of the 
resist film 704. Fields other than directly under [ of the resist film 704 ] turn into the amorphous silicon 
field 703. An ion implantation may be perpendicularly performed to a wafer and may be performed at 
the include angle which inclined to the wafer by the rotation slanting pouring-in method. 
[0117] After removing the resist film 704, the crystalline nucleus 705 made to remain grows by 
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performing 2nd heat treatment. Thereby, as shown in (D) of drawing 45 , the semi-conductor layer 706 
which consists of a crystal which has a big particle size is formed. The semi-conductor layer 706 has the 
grain boundary 710. The 2nd heat treatment temperature is set up in consideration of relation with heat 
treatment time amount, although it is thought in the semantics which presses down karyogenesis that the 
lowest possible temperature is effective. 

[0118] As for the magnitude of the resist film 704, what has minute lower limit extent is desirable. It 
depends on the thickness of an amorphous silicon layer for the size of the crystal grain formed. 
Therefore, although there is no ****** generally, since the channel field of a transistor is constituted 
from a single-crystal-silicon layer, it is not necessary to not necessarily make in agreement the location 
of the resist film 704, and the channel field of a transistor. Drawing 46 is the top view showing the 
physical relationship of the resist film 704 and the channel field 740. For example, if it takes into 
consideration that 0.2 micrometers, then the particle size of crystal grain formed become about - 
2micrometer about the thickness of an amorphous silicon layer, as shown in drawing 46 to one crystal 
grain 750, even if it arranges the channel field 740 and the location of the resist film 704, the channel 
field 740 may consist of single crystals. 

Example G3 drawing 47 is the sectional view showing the 3rd example of the manufacture approach G 
of the semi-conductor thin film of this invention in order of a process. As shown in (A) of drawing 47 , 
silicon oxide 702 is formed on the silicon substrate 701. The polycrystalline silicon layer 707 is formed 
on this silicon oxide 702. Next, as shown in (B) of drawing 47 , an antireflection film 708 is 
alternatively formed on the polycrystalline silicon layer 707. This antireflection film 708 is formed by 
silicon oxide, a silicon nitride, etc. Moreover, as for the thickness of an antireflection film 708, it is 
desirable to set up so that it may be used also as a mask of the ion implantation performed at a back 
process. As a laser beam is shown by the arrow head 730, using this antireflection film 708 as a mask, 
the polycrystalline silicon layer 707 irradiates. Thereby, the near is heated alternatively the bottom of an 
antireflection film 708. The diameter of crystal grain directly under and near the antireflection film 708 
can be made to increase by adjusting the output of a laser beam. This situation is shown in (C) of 
drawing 47 . That is, the crystal grain 705 which has a big particle size is formed directly under and near 
the antireflection film 708. The polycrystalline silicon layer 707 which consists of minute crystal grain 
is formed in the other field. 

[0119] It is poured into the polycrystalline silicon layer 707 as are shown in (D) of drawing 47 , and ion, 
such as silicon, is shown by the arrow head 720, using an antireflection film 708 as a mask. Thereby, 
fields other than directly under [ of an antireflection film 708 ] are made amorphous, and the amorphous 
silicon layer 703 is formed. A crystalline nucleus 705 remains directly under an antireflection film 708. 
Thus, the location of a crystalline nucleus 705 is controlled. Then, the semi-conductor layer of the single 
crystal which has a big particle size may be alternatively formed by performing heat treatment for solid 
phase growth. That is, the semi-conductor layer 706 which has the grain boundary 710 as shown in (D) 
of drawing 45 is formed. 

[0120] What is necessary is just to set up the thickness in the above-mentioned example, so that the 
reflection factor of a field to which nucleation is carried out may become high when it is required to 
form the cap film in the field nucleation is carried out [ field ] although only the approach using an 
antireflection film is described. Drawing 48 is a sectional view shown corresponding to the process of 
(B) of drawing 47 . On the polycrystalline silicon layer 707, silicon oxide 781 is formed alternatively. 
On the polycrystalline silicon layer 707, the silicon nitride 782 is formed so that silicon oxide 781 may 
be covered. Thus, if two kinds of film is formed on the polycrystalline silicon layer 707, it will be easy 
to form the mask at the time of the ion implantation of a back process. For example, if it uses the two- 
layer film which consists of silicon oxide 781 (thickness is lOOnm) and a silicon nitride 782 (thickness is 
1 lOnm) in using an Ar ion laser (wavelength of 488nm), in the reflection factor of a two-layer part, the 
reflection factor of the part of only the silicon nitride 782 (thickness of 1 lOnm) will become 35% about 
10%. Thus, the diameter of crystal grain only directly under and near the silicon oxide 781 can be made 
to increase by irradiating laser, where two kinds of film is formed on the polycrystalline silicon layer 
707. After laser radiation, if only the silicon nitride 782 is removed, silicon oxide 781 will remain as a 
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mask. Therefore, the ion implantation of a back process can be performed by self-alignment, using this 
silicon oxide 781 as a mask. 

H. Approach drawing 49 which carries out solid phase growth and makes the amorphous silicon layer 
which consists of two parts from which thickness differs single-crystal-ize is a graph which shows the 
relation between the thickness of an amorphous layer, and the diameter of crystal grain of the crystalline 
substance layer which was made to carry out solid phase growth and was obtained from the amorphous 
layer. Crystal growth is so quick that the thickness of an amorphous layer is large as shown in drawing 

49 , and it is understood that big crystal grain is formed. After thickening beforehand thickness of the 
amorphous silicon layer equivalent to the channel formation field of TFT from this, it becomes possible 
by heat-treating for solid phase growth to enlarge crystal grain of a channel formation field alternatively. 
Consequently, it becomes possible to constitute a channel field from a single crystal. 

[0121] Drawing 50 - drawing 53 are the sectional views showing one example of the manufacture 
approach H of the semi-conductor thin film of this invention in order of a process. As shown in drawing 

50 , silicon oxide 802 is formed on a silicon substrate 801. The amorphous silicon layer 803 is formed 
on this silicon oxide 802. Next, as shown in drawing 5 1 , the resist film 804 separates spacing 
alternatively and is formed on amorphous silicon layer 803b. The part from which thickness differs is 
formed in the amorphous silicon layer 803 by etching the amorphous silicon layer 803 by using this 
resist film 804 as a mask. Then, removal of the resist film 804 forms in an amorphous silicon layer 
partial 803a which has thick thickness as shown in drawing 52 , and partial 803b which has thin 
thickness. By performing heat treatment to an amorphous silicon layer at the temperature of about 600 
degrees C for several hours to dozens hours, as shown in drawing 53 , the big crystal layer 806 of 
particle size grows up to be the thick part of thickness. The polycrystal layer 807 grows up to be the thin 
part of thickness. The polycrystal layer 807 has the grain boundary 810. 

[0122] For example, if thick thickness is set to about 0.2 micrometers, as shown in drawing 49 , the 
crystal grain of diameter extent of several micrometers will grow. When using the crystal layer for the 
semiconductor device of ULSI level, the size of a transistor is 2 several micrometers. Extent and the size 
of a channel field are -lmicrometer2. Since it is extent, if magnitude of the thick part of thickness is 
made comparable as such sizes, it is possible to constitute the whole channel field from a single crystal. 
[0123] Moreover, the description of this example is performing heat treatment of solid phase growth, 
after forming the amorphous layer of the configuration shown in drawing 52 . Therefore, the amorphous 
layer of the configuration shown in drawing 52 by the option may be formed. For example, as shown in 
drawing 54 , by using the resist film 804 as a mask, it dissociates in the shape of an island completely, 
and the amorphous silicon layer 803 is formed. Then, after removing the resist film 804, the amorphous 
silicon layer of the configuration shown in drawing 52 as it was shown in drawing 55 , if the 2nd 
amorphous silicon layer 83 1 was formed so that the front-face top of the amorphous silicon layer 803 
may be covered may be formed. 

[0124] Next, the case where each manufacture approach A-H of the above semi-conductor thin film is 
applied to manufacture of the barrier layer of the p channel MOS transistor (TFT) in the memory cell of 
SRAM is explained. That is, the manufacture approach of SRAM at the time of applying each above- 
mentioned manufacture approach A-H to formation of the barrier layer 55 (55a and 55b) of TFT of 
SRAM of this invention shown in drawing 3 and drawing 4 is explained below, 
the example 1 of the manufacture approach of SRAM ~ this manufacture approach is one example of 
the manufacture approach of SRAM of having used the manufacture approach A of a semi-conductor 
thin film. Drawing 56 - drawing 64 are the top views (A) and sectional views (B) showing the example 1 
of the manufacture approach of SRAM in order of a process. A sectional view (B) shows the cross 
section seen from the direction which met the B-B line of a top view (A). 

[0125] drawing 56 — referring to ~ the single crystal silicon substrate 1 -- LOCOS the oxide film 21 
for separation which consists of silicon oxide with a thickness of 4000A so that an active region 56 may 
be separated is formed by oxidizing thermally alternatively by law. The thermal oxidation processing 
temperature at this time is 950 degrees C. 

[0126] As shown in drawing 57 , the gate dielectric film 41 which consists of silicon oxide of 100 A of 
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thickness is formed on a silicon substrate 1 by performing thermal oxidation processing at the 
temperature of 850 degrees C. Then, the gate electrode 71 is formed on gate dielectric film 41. The gate 
electrode 71 is 1020-/cm3 about Lynn. It consists of a polycrystalline silicon layer of 1500A of 
thickness included by the concentration of extent, and a tungsten silicide (WSi2) layer of 2000 A of 
thickness formed of the spatter on it. Lynn after carrying out patterning of the gate electrode 71 is 
Ixl013-/cm2 at impregnation energy 50keV. It is alternatively poured into a silicon substrate 1 with an 
injection rate. Then, the sidewall 22 which becomes the side attachment wall of the gate electrode 71 
from an oxide film with a CVD method is formed. The width of face of the field in which the sidewall 
22 is in contact with gate dielectric film 41 is 2000A. Then, arsenic is 2xl015-/cm2 at impregnation 
energy 50keV. An ion implantation is carried out with an injection rate. By performing heat treatment 
for 30 minutes in nitrogen-gas-atmosphere mind at the temperature of 850 degrees C, n mold source 
drain field 56b of LDD structure is formed. The field of the silicon substrate [ directly under ] 1 of the 
gate electrode 71 is set to channel field 56a. 

[0127] As shown in drawing 58 , the oxide film by the CVD method is formed by 10000 A thickness, 
and flattening is carried out by etching only the thickness of about 7000A by the etchback method. 
Thereby, an interlayer insulation film 42 is formed. Opening of the through holes 51a, 51b, 52, 53, and 
54 is carried out to this interlayer insulation film 42. 

[0128] With reference to drawing 59 , the polycrystalline silicon film with a thickness of 2000A is 
formed in through holes 51a, 51b, 52, and 53 and 54. Arsenic is impregnation energy 50keV and 
2xl015/of injection rates cm 2. An ion implantation is carried out to the polycrystalline silicon film. The 
tungsten silicide layer of 2000A of thickness is formed on the polycrystalline silicon film. The 
polycrystalline silicon film and tungsten silicide layer which were formed in through holes 51a, 51b, 52, 
53, and 54 and the field of an except are removed. Thereby, the electric conduction film 81 is formed in 
through hole 5 la. 5 lb and 52-54. Then, it is formed by the CVD method so that the oxide film 46 of 
1000A of thickness may embed the inside of each through hole. 

[0129] Then, the oxide film 46 formed on the field of through holes 52 and 51b is removed. The 
polycrystalline silicon layer of 2000A of thickness is formed on the whole surface. As shown in drawing 
60 , silicon ion is impregnation energy lOOkeV and 2xl015/of injection rates cm 2 to the whole surface 
of this polycrystalline silicon layer. The amorphous silicon layer 58 is formed by being poured in. On 
the amorphous silicon layer 58, the resist film 99 by which patterning was carried out so that only the 
front face of the part equivalent to a channel field might be exposed is formed. This resist film 99 is used 
as a mask, and silicon ion is 5xl015-/cm2 at the impregnation energy of 100keV(s). It is poured into the 
amorphous silicon layer 58 with an injection rate. Thereby, amorphous silicon layer 58a by which the 
crystalline-nucleus generating consistency of silicon was made small is formed in the part equivalent to 
the channel field of a p channel MOS transistor (TFT). The resist film 99 is removed. By performing 
heat treatment of 5 hours in nitrogen-gas-atmosphere mind with a temperature of 600 degrees C, the 
field of amorphous silicon layer 58a single-cry stal-izes. 

[0130] In addition, as for the top view (A) from drawing 60 to drawing 64 , only the upper part is shown 
from the location of a through hole. 

[0131] As shown in drawing 61 , single-crystal-silicon layer 59a (55a) and polycrystalline silicon layer 
59b (55b) which constitute a barrier layer-are formed by removing the crystallized silicon layer 
according to a predetermined pattern. 

[0132] With reference to drawing 62 , the gate dielectric film 43 which consists of silicon oxide with a 
thickness of 200A with a CVD method at the temperature of 850 degrees C is formed so that single- 
crystal-silicon layer 59a and polycrystalline silicon layer 59b may be covered. The silicon oxide 46 on 
the field of through holes 52 and 51a is removed. By the CVD method, a polycrystalline silicon layer 
with a thickness of 2000A is formed on the whole surface. Arsenic is impregnation energy 50keV and 
4xl015/of injection rates cm 2. An ion implantation is carried out to a polycrystalline silicon layer. The 
gate electrode 60 is formed by carrying out patterning of this polycrystalline silicon layer. The gate 
electrode 60 is used as a mask and boron (B) is impregnation energy 50keV and injection rate 2x1014- 
/cm2. An ion implantation is carried out to polycrystalline silicon layer 59b. p mold source drain field 
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55b of a p channel MOS transistor (TFT) is formed by performing heat treatment for 30 minutes in 
nitrogen-gas-atmosphere mind with a temperature of 850 degrees C. 

[0133] As shown in drawing 63 , an oxide film 44 is formed at the temperature of 700 degrees C by the 
CVD method on the whole surface. Flattening processing is performed so that the thickness of an oxide 
film 44 may become about 3000A. Opening of the through holes 53 and 54 is carried out to an interlayer 
insulation film (oxide film) 44. The aluminum wiring layer 91 is formed on an interlayer insulation film 
44 by 7000A of thickness by the spatter so that it may be filled up with through holes 53 and 54. A bit 
line is formed by carrying out patterning of this aluminum wiring layer 91 . 

[0134] As finally shown in drawing 64 , an oxide film 45 is formed on a bit line 91 at the temperature of 
300 degrees C by the plasma-CVD method. Then, although not shown in drawing 64 , opening of the 
through hole is carried out so that the front face of the gate electrode 71 may be exposed in a 
predetermined field. The aluminum wiring layer 92 is formed by 8000A of thickness so that the gate 
electrode (word line) 71 may be contacted through the through hole. The memory cell of SRAM to 
which TFT of this invention was applied as mentioned above is completed. 

[0135] In addition, in the process of drawing 60 of the above-mentioned example, patterning may be 
carried out so that the resist film 99 may expose the front face of the amorphous silicon layer 58 of a 
bigger part than the channel field CH, as shown in drawing 65 . 

the example 2 of the manufacture approach of SRAM ~ this example shows one example of the 
manufacture approach of SRAM of having used the manufacture approach B of a semi-conductor thin 
film. Drawing 66 - drawing 70 are the top views (A) and sectional views (B) showing the manufacture 
approach of SRAM in order of each process. In addition, since the production process of an example 2 is 
the same about the production process to drawing 56 of an example 1 - drawing 59 , a process is 
explained below after that. 

[0136] With reference to drawing 66 , it is formed on an interlayer insulation film 42 of a CVD method 
at the temperature of 450 degrees C by the thickness whose amorphous silicon layer 58 is 2000A, using 
disilane (Si two H6) gas as material gas. Patterning of the resist film 99 is carried out to the field where a 
perimeter is bigger about 0. 1-0.2 micrometers than the channel field of the p channel MOS transistor 
(TFT) which should be formed. At this time, the side-attachment-wall side of the resist film 99 is made 
into a taper configuration (inclination configuration) by lengthening the exposure time and developing 
time. 

[0137] As shown in drawing 67 , the amorphous silicon layer 58 is etched using the resist film 99 as a 
mask. Then, the resist film 99 is removed. Since the side-attachment-wall side of the resist film 99 is an 
inclination configuration at this time, the amorphous silicon layer 58 is also etched for that side- 
attachment-wall side so that it may become an inclination configuration. Usually, according to the dry 
etching method, since the etch rate of a resist is about 2 times of the etch rate of an amorphous silicon, 
the amorphous silicon layer which has an inclination side face, using the above-mentioned resist film 99 
as a mask is obtained. Then, an inclination configuration contrary to the side-attachment-wall 
configuration of the amorphous silicon layer 58 which may pour silicon ion into the periphery of the 
amorphous silicon layer 58, and is shown in (B) of drawing 67 may be formed. As an approach of 
forming an inclination configuration contrary to the inclination configuration of the amorphous silicon 
layer 58 shown in drawing 67 , etching in process and by making the pressure of etching gas high 
continuously, many [ more ] etching gas in a longitudinal direction may be supplied, and a reverse 
inclination configuration may be formed. 

[0138] Then, the amorphous silicon layer 58 is heat-treated in nitrogen-gas-atmosphere mind with a 
temperature of 600 degrees C for 5 hours. This single-crystal-izes the central field of the amorphous 
silicon layer 58 except for a boundary region. In addition, when the above-mentioned heat treatment is 
performed to the amorphous silicon layer which has an inclination configuration contrary to the 
inclination configuration of drawing 67 , or the amorphous silicon layer 58 which poured silicon ion into 
the boundary region, the whole amorphous silicon layer 58 single-crystal-izes. 
[0139] As shown in drawing 68 , poly crystalline silicon layer 59b is formed by 1000 A of thickness on 
an interlayer insulation film 42 so that single-crystal-silicon layer 59a may be covered. The resist film 
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99 is formed on polycrystalline silicon layer 59b, and patterning is carried out so that only the part 
equivalent to the channel field of a p channel MOS transistor (TFT) may carry out opening. 
[0140] As shown in drawing 69 , etching removal of the polycrystalline silicon layer 59b on single- 
crystal-silicon layer 59a is carried out using the resist film 99 as a mask. Then, the resist film 99 is 
removed. 

[0141] As shown in drawing 70 , according to a predetermined pattern, single-crystal-silicon layer 59a 
(55a) and polycrystalline silicon layer 59b (55b) are formed. Thus, the barrier layer of a p channel MOS 
transistor (TFT) is formed. 

[0142] A subsequent production process is performed according to drawing 62 [ of an example 1 ] - Fig. 
6464 . 

Example 3 this example of the manufacture approach of SRAM shows the manufacture approach of the 
memory cell of SRAM of having used the manufacture approach C of a semi-conductor thin film. Since 
the production process of the memory cell of this SRAM is the same about the production process to 
drawing 56 of an example 1 - drawing 59 , it omits that explanation. Drawing 7 1 R> 1 is the top view 
(A) and sectional view (B) showing the process following the production process of drawing 59 of an 
example 1. 

[0143] With reference to drawing 7 1 , the amorphous silicon layer 58 is formed on an interlayer 
insulation film 42 by the CVD method at the temperature of 450 degrees C at 1000A of thickness by 
making disilane (Si two H6) gas into material gas. The resist film 99 is formed only on the amorphous 
silicon layer 58 of the part equivalent to the channel field of a p channel MOS transistor (TFT). This 
resist film 99 is used as a mask, and a hydrogen ion or fluorine ion is impregnation energy 5keV and 
1x101 5/of injection rates cm 2 to the amorphous silicon layer 58. It is poured in. Then, the resist film 99 
is removed. Heat treatment of 5 hours is performed to the amorphous silicon layer 58 in nitrogen-gas- 
atmosphere mind with a temperature of 600 degrees C. Since the karyogenesis consistency of the 
amorphous silicon layer 58 of the part equivalent to a channel field is small, the part equivalent to this 
channel field single-crystal -izes. In a silicon ion implantation, it is effective in destroying the 
micronucleus which exists in an amorphous silicon and decreasing the karyogenesis consistency of an 
amorphous silicon. On the other hand, when a hydrogen ion or fluorine ion is poured into an amorphous 
silicon, it is effective in poured-in the hydrogen or the fluorine generating a micronucleus in an 
amorphous silicon. That is, in the field and channel field in which a hydrogen ion or fluorine ion is not 
poured in, a micronucleus is not generated but a karyogenesis consistency is still small. Therefore, only 
this channel field single-crystal-izes by the above-mentioned heat treatment. 

[0144] A subsequent production process is performed according to the example 1 shown in drawing 61 - 
drawing 64 . Example 4 this example of the manufacture approach of SRAM shows the manufacture 
approach of SRAM which applied the manufacture approach D of a semi-conductor thin film. Drawing 
72 is the top view (A) and sectional view (B) showing the production process following the production 
process shown in drawing 56 of an example 1 - drawing 59 R> 9. 

[0145] With reference to drawing 72 , the amorphous silicon layer 58 is formed by 2000A of thickness 
on an interlayer insulation film 42. It is silicon ion to that polycrystalline silicon layer after forming this 
amorphous silicon layer 58 with a CVD method at the temperature of 450 degrees C using disilane 
(Si2H6) gas or forming the polycrystalline silicon layer of 2000A of thickness Impregnation energy 
lOOkeV and 5x1 01 5/of injection rates cm 2 You may form by pouring in. Then, an electron ray is 
irradiated in the center (A point in drawing 72 ) of the part equivalent to the channel field of TFT which 
should be formed. For the diameter of an electron ray, 0.05 micrometers and acceleration voltage are 
[ 50microA (output 0.5W) and the irradiation time of 10keV(s) and a current ] Ins / one point. By the 
exposure of this electron ray, it fuses and solidifies and the amorphous silicon layer of an A point 
becomes minute crystal grain. The amorphous silicon layer 58 carries out crystal growth of the minute 
crystal grain of an A point as a nucleus of crystal growth by performing heat treatment in nitrogen-gas- 
atmosphere mind with a temperature of 600 degrees C for 5 hours. Thereby, the part equivalent to a 
channel field single-crystal-izes. 

[0146] A subsequent production process is performed according to drawing 61 [ of an example 1 ] - Fig. 
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6464 . 

Example 5 this example of the manufacture approach of SRAM shows the manufacture approach of the 
memory cell of SRAM of having used the manufacture approach E of a semi-conductor thin film. 
Drawing 73 is the top view (A) and sectional view (B) showing the production process following 
drawing 5656 of an example 1 - drawing 59 . 

[0147] With reference to drawing 73 , the amorphous silicon layer 58 is formed by 1000A of thickness 
on an interlayer insulation film 42. Silicon ion is 5xl015/of injection rates cm 2 at impregnation energy 
lOOkeV to that poly crystalline silicon layer after forming this amorphous silicon layer 58 by the CVD 
method at the temperature of 450 degrees C using the gas of a disilane or forming a polycrystalline 
silicon layer. It may be formed by carrying out an ion implantation. An oxide film 47 is alternatively 
formed on the part equivalent to the channel field of the amorphous silicon layer 58, This oxide film 47 
is formed at the temperature of 500 degrees C by the ECR-CVD method (electron cyclotron resonance- 
CVD method) at 1000A of thickness. As material gas of the oxide film 47, it is SiH4. The mixed gas of 
N2 O is used. In this case, an oxide film 47 must be formed at the temperature of 600 degrees C or less 
as film to which the internal stress of the amorphous silicon layer 58 is changed. It is because the 
amorphous silicon layer 58 crystallizes that it is 600 degrees C or more in temperature during formation 
of an oxide film 47. Heat treatment of 5 hours is performed in nitrogen-gas-atmosphere mind with a 
temperature of 600 degrees C, forming this oxide film 47 on the amorphous silicon layer 58. Thereby, it 
single-crystal-izes, the part, i.e., the channel field, of the amorphous silicon layer 58 covered with the 
oxide film 47. Then, an oxide film 47 is removed. 

[0148] Thus, it is 109 dyne/cm2 which only a channel field single-crystal-izes to an amorphous silicon. 
When the above compressive stress is made to exist, it is for the rate of crystal growth to increase more 
than twice. Only in a channel field, since it is large, a channel field single-crystal-izes [ a growth rate ]. 
That is, it is Si02 by forming an oxide film only on a channel field. According to the difference of the 
coefficient of thermal expansion of Si, stress occurs in an amorphous silicon. In this example, since the 
oxide film 47 is formed at the temperature of 100 degrees C, it does not generate stress between the 
amorphous silicon layer 58 and an oxide film 47 in the temperature of 100 degrees C. It is Si02 when it 
heats in temperature of 600 degrees C in this condition. It compares with Si, and since it is small, 
coefficient of thermal expansion is Si02. It acts so that expansion of Si atom may be suppressed, 
namely, compressive stress occurs in the amorphous silicon layer 58. 

[0149] A subsequent production process is performed according to drawing 6 1 [ of an example 1 ] - Fig. 
6464 . 

Example 6 this example of the manufacture approach of SRAM shows the manufacture approach of the 
memory cell of SRAM that the manufacture approach F of a semi-conductor thin film was applied. 
Drawing 74 is the top view (A) and sectional view (B) showing the process following the production 
process of drawing 56 of an example 1 - drawing 59 . 

[0150] With reference to drawing 74 , polycrystalline silicon layer 59c is formed by thickness 1000OA 
on an interlayer insulation film 42. The resist film 99 is alternatively formed on polycrystalline silicon 
layer 59c so that the front face of polycrystalline silicon layer 59c of a field including the channel field 
CH may be exposed. At this time, as shown in (A) of drawing 74 , patterning of the resist film 99 is 
carried out so that the height of the resist film 99 may contact the channel field CH by one point. This 
resist film 99 is used as a mask, and silicon ion is impregnation energy lOOkeV and 5x1 01 5/of injection 
rates cm 2. It is poured into polycrystalline silicon layer 59c. Polycrystalline silicon layer 59c of the 
field which is not covered with the resist film 99 becomes an amorphous silicon by this, and 
polycrystalline silicon layer 59c of the field covered with the resist film 99 remains with polycrystalline 
silicon. Then, the resist film 99 is removed. Heat treatment of 5 hours is performed to polycrystalline 
silicon layer 59c amorphous-silicon-ized partially in nitrogen-gas-atmosphere mind with a temperature 
of 600 degrees C. Crystal growth of the amorphous silicon is carried out from the place adjacent to a 
polycrystalline silicon field. Since the channel field CH is in contact with the polycrystalline silicon 
field only by one point, an amorphous silicon grows considering the crystal grain at the tip of the 
polycrystalline silicon field which has touched as a nucleus of crystal growth. Therefore, the part of the 
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amorphous silicon of the channel field CH is single-crystal-ized. 

[015 1] A subsequent production process is performed according to drawing 61 [ of an example 1 ] - Fig. 
6464 . 

Example 7 this example of the manufacture approach of SRAM shows the manufacture approach of the 
memory cell of SRAM that the manufacture approach G of a semi-conductor thin film was applied. 
Drawing 75 - drawing 76 are the top views (A) and sectional views (B) showing the process following 
the production process of drawing 56 of an example 1 - drawing 59 in order. With reference to drawing 
75 , the amorphous silicon layer containing the part from which thickness differs is formed on an 
interlayer insulation film 42. This amorphous silicon layer consists of an amorphous silicon layer 57 
with a thickness of 1000A and amorphous silicon with a thickness of 2000A layer 57a. Then, heat 
treatment for 30 minutes is performed to this amorphous silicon layer in nitrogen -gas-atmosphere mind 
with a temperature of 600 degrees C. Only this heat treatment temperature and one heat treatment time 
amount are adjusted to the field of thick amorphous silicon layer 57a of thickness so that a nucleus may 
occur. A nucleus does not occur to the field of the thin amorphous silicon layer 57 of thickness, because 
a time lag exists in crystalline-nucleus generating in the thin amorphous silicon layer of thickness. That 
is, the growth rate of the part of the thin amorphous silicon layer 57 of thickness is because it is late 
compared with the growth rate of thick amorphous silicon layer 57a of thickness. Thus, one crystalline 
nucleus N occurs in thick amorphous silicon layer 57a of thickness. 

[0152] As shown in drawing 76 , by etching an amorphous silicon layer by the thickness of 1000A, the 
part 57 of the thin amorphous silicon layer of thickness is lost, and only with a thickness of 1000 A 
amorphous silicon layer 57a remains in the thick field of thickness. Heat treatment of 5 hours is 
performed to this amorphous silicon layer 57a in nitrogen-gas-atmosphere mind with a temperature of 
600 degrees C. By this heat treatment, amorphous silicon layer 57a which remained in the channel field 
single-crystal-izes. This is because one crystalline nucleus exists in amorphous silicon layer 57a. 
[0153] A subsequent production process is performed according to the production process of drawing 68 
[ of an example 2 ] - Fig. 7070 . The production process after drawing 70 is performed according to the 
production process of drawing 62 of an example 1 - drawing 64 . 

[0154] Drawing 77 is the top view (A) and sectional view (B) showing another production process 
following drawing 59 of an example 1 in this example. With reference to drawing 77 , 59d of 
polycrystalline silicon layers is formed on an interlayer insulation film 42 by 2000A of thickness. 59d of 
this polycrystalline silicon layer is the film formed from silicon of 0.8 micrometers of diameters of 
crystal grain (=d). The resist film 99 is alternatively formed on the part equivalent to the channel field of 
59d of this polycrystalline silicon layer. The plane area of this resist film 99 is 
0.4micrometerx0.4micrometer (=a). The thickness of the resist film 99 is 1 micrometer. Under the 
present circumstances, an oxide film may be formed instead of the resist film. The resist film 99 is used 
as a mask and silicon ion is impregnation energy lOOkeV and 5x1 015/of injection rates cm 2. It is 
poured into 59d of polycrystalline silicon layers. The ion implantation at this time is performed by the 
continuation rotation pouring-in method at the include angle of theta= 30 degrees, as shown in (B) of 
drawing 77 . That is, silicon ion is poured in at the include angle of 30 degrees, rotating a wafer. Since 
silicon ion is not poured into the field which has the cross section of the triangle just under the resist 
film 99 by this, a crystal remains. The other field becomes an amorphous silicon by impregnation of 
silicon ion. Then, the resist film 99 is removed. By performing heat treatment of 5 hours in nitrogen-gas- 
atmosphere mind with a temperature of 600 degrees C, the field which has the cross section of the 
above-mentioned triangle carries out crystal growth as a nucleus of crystallization. Thereby, the channel 
field CH single-crystal-izes. It is necessary to set up the magnitude (a) of the diameter of crystal grain of 
59d of polycrystalline silicon layers (d), and the resist film 99 so that the conditions of a<d (if it can do 
a<=d/2) may be satisfied here. The field of the triangle cross section just under the resist film 99 
becomes only one crystal grain under this condition. 

[0155] A subsequent production process is performed according to the process of drawing 61 [ of an 
example 1 ] - Fig. 6464 . 

Example 8 this example of the manufacture approach of SRAM shows the manufacture approach of the 
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memory cell of SRAM that the manufacture approach H of a semi-conductor thin film was applied. 
Drawing 78 - drawing 82 are the top views (A) and sectional views (B) showing the process following 
the production process of drawing 56 of an example 1 - drawing 59 in order. 

[0156] With reference to drawing 78 , the amorphous silicon layer 57 is formed by 2000A of thickness 
on the interlayer insulation film 42 by which flattening was carried out. The resist film 99 is 
alternatively formed on the amorphous silicon layer 57 in the part equivalent to the channel field of a p 
channel MOS transistor (TFT). 

[0157] As shown in drawing 79 , etching removal only of the thickness whose amorphous silicon layer 
57 is 1000A is carried out using the resist film 99 as a mask. Then, the resist film 99 is removed. 
Thereby, only in the part equivalent to a channel field, thick amorphous silicon layer 57a of thickness is 
formed. 

[0158] As shown in drawing 80 , heat treatment of 5 hours is performed to the amorphous silicon layer 
57 in nitrogen-gas-atmosphere mind with a temperature of 600 degrees C. This crystallizes the 
amorphous silicon layers 57 and 57a. However, since the rate of crystal growth is large, the part of thick 
amorphous silicon layer 57a of thickness is single-crystal-ized. That is, it crystallizes and partial 57a of 
an amorphous silicon layer turns into single-crystal-silicon layer 59a. On the other hand, it crystallizes 
and the part of the amorphous silicon layer 57 is set to polycrystalline silicon layer 59b. The grain 
boundary is typically shown in polycrystalline silicon layer 59b. 

[0159] As shown in drawing 8 1 , single-crystal-silicon layer 59a and polycrystalline silicon layer 59b 
which were crystallized are alternatively removed according to a predetermined pattern. 
[0160] As shown in drawing 82 , it is formed so that the gate dielectric film 43 which consists of an 
oxide film may cover single-crystal-silicon layer 59a and polycrystalline silicon layer 59b. Then, only 
the oxide film 43 formed on the field the part of the field of through hole 51a and in the upper half of a 
through hole 52 is removed. The gate electrode 60 is formed on gate dielectric film 43 according to a 
predetermined pattern. Then, source drain field 55b of a p channel MOS transistor is formed by carrying 
out the ion implantation of the boron, using the gate electrode 60 as a mask. 

[0161] A subsequent production process is performed according to the process shown in drawing 63 [ of 
an example 1 ] - Fig. 6464 . 

[0162] In the manufacture approach of the memory cell of the above SRAM, the single crystal layer 
which constitutes the channel field of TFT is manufactured from an amorphous silicon layer. Hereafter, 
the number of the karyogenesis consistency in an amorphous silicon layer (piece/cm2) and the 
crystalline nucleus in a channel field (0.4micrometerx0.8micrometer) is explained according to the 
manufacture approach of an amorphous silicon layer. 

[0163] (i) When an amorphous silicon layer is formed with a CVD method at the temperature of 550 
degrees C, using silane (SiH4) gas as material gas. 

[0164] Karyogenesis consistency: Number:32 piece of the crystalline germ in -1x1010 piece/cm2 and a 
channel field (ii) When an amorphous silicon layer is formed with a CVD method at the temperature of 
450 degrees C, using disilane (Si two H6) gas as material gas. 

[0165] Karyogenesis consistency: -6x107 The number of the crystalline nucleus in an individual / cm2, 
and a channel field: 0.2 pieces (iii) It is 5xl015-/cm2 about silicon ion to a polycrystalline silicon layer. 
When an amorphous silicon layer is formed by pouring in with an injection rate. 
[0166] Karyogenesis consistency: -5x107 The number of the crystalline nucleus in an individual / cm2, 
and a channel field: 0. 16 pieces (iv) It is 2xl015-/cm2 about silicon ion to a polycrystalline silicon layer. 
When an amorphous silicon layer is formed by pouring in with an injection rate. 
[0167] karyogenesis consistency: -3x108 if the karyogenesis consistency according to the manufacture 
approach of the amorphous silicon layer beyond number: 1 piece of the crystalline nucleus in an 
individual / cm2, and a channel field is taken into consideration, in order to constitute the whole channel 
field (0.4micrometerx0.8micrometer) of TFT from a single crystal layer in the memory cell of SRAM by 
which this invention was made detailed -- as the manufacture approach of an amorphous silicon layer -- 
(ii) ~ or (iii) it is necessary to adopt That is, if the generating consistency of the crystalline nucleus in an 
amorphous silicon layer is made or less into one and it single-crystal-izes according to each above- 
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mentioned manufacture approach A-H, it will become possible to form the minute channel field of TFT 
by the single crystal layer in the memory cell of SRAM made detailed. Moreover, the single crystal 
layer in which defect density was controlled by the low value by manufacturing a single crystal layer 
from the amorphous silicon layer in which the generating consistency of a crystalline nucleus was 
reduced such is obtained. Thereby, TFT which satisfies desired desired value (15 or less fA of OFF 
currents [ 0.25micro beyond of ON currents A ]) can be obtained. 
[0168] 

[Effect of the Invention] As mentioned above, when applied to the memory cell by which SRAM was 
made detailed according to the electric field effect mold thin film transistor concerning claim 1, it is 
effective in enabling it to carry out read-out write-in actuation to stability, and reducing the power 
consumption of SRAM. 

[0169] Moreover, according to the electric field effect mold thin film transistor concerning claim 2, the 
thin film transistor equipped with high ON current and the low OFF current compared with the former is 
obtained. 

[0170] According to the manufacture approach of the electric field effect mold thin film transistor of 
claims 3-10, it is formed so that a channel field may consist of single crystals, and it may be controlled 
and may have desired low defect density. Therefore, the thin film transistor obtained shows higher ON 
current and a lower OFF current. 



[Translation done.] 
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ABSTRACT: 

PURPOSE: To obtain a field-effect thin film transistor (TFT ) which 
stabilizes 

read and write operations of a memory cell and reduces power consumption in 
a 

micro-miniaturized TFT load type perfect CMOS. SRAM. 

CONSTITUTION: A field-effect thin film transistor formed on an 
insulating 

material is provided with an active layer 55 and a gate electrode 60. The 
gate 

electrode 60 is formed on a channel region 55a of the active layer 55 
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through a 

gate insulating film. The active layer 55 is composed of the channel 
region 

55a and a source drain region 55b. The channel region 55a does not include 
crystal grain boundary formed of a single crystal silicon layer and the 
source 

drain region 55b is formed of polycrystalline silicon layer. Moreover, the 
channel region 55a has a crystal defect density under 

10<SP>9</SP>pcs/cm<SP>2</SP> . The thin film transistor shows an ON current 
of 

0.25 μA/μm or more and an OFF current of 15fA/μm or less per the 
channel width of lμm. 

COPYRIGHT: (C) 1994 , JPO& Japio 



2/10/06, EAST Version: 2.0.1.4 



(19)B*B*5Wr (J P) (12) & H Jgp §^ £ $[ (A) 



H 0 1 L 29/784 
21/20 
27/11 



9171 -4M 

9056-4M 
7210-4M 



F I 



#^¥6-140631 

(43)£HB ¥j£6*p(1994)5J320B 



H 0 1 L 29/ 78 311 H 

27/ 10 3 8 1 

«3I* S#B©#10(£ 48 fD a»Mtft < 



(2i)ase#^ 



(22)tBSB 



^K 5 f z 4-290293 



¥JS4^(1992)10^28B 



(71)tfcBA 591036605 

rtiSiJg 4 TB 1 #* 

(71) ifiRA 000006013 

Esismfcfc&tt 

!T6i»TttfflEA<E>|>i-TB 2#3^ 

(72) #&9§:g fi^ 



(54) [few©**] ^>^x*4}Jilf*fl>»g*a 



(CT) [g*l) 

[BWJ fiW^S*l*:TFTa*f3SS£CMOS - S 
R AMfcJSV vc t »J *7K?)HajiS 

USsS!?^^.** (TFT) 

ty- ht68K£:frft LT^jRStiS . iSttJI 5 5 fcW- 
**'l'flM5 5 a V-Jl • KP>f >S«5 5 ba»£>fl| 

j£3*i£„ ?-^*;P««5 5a{imr B S'y:3>JIA>ii> 

bUIM£Hbs/U3VJ|^6)M$3h.&. **** 
H«5 5 alilO 9 |/cm' SM^MdKKKftl? 

2 5// A/*mJa±0DONBSgfc 1 5 f A/zimfctT?) 



(A) 



l_. 



55a 



60 



55b 



tB) /> 




55: 55a?r**1M 
55b:**W>*4 60: 




(2) 



^^¥6-140631 



f^f-ir^yHi 1 ii m&fc 0 <0l5EV-xt> J: V F W 
y^^fctEMSmSSM* 1 . 15Ey-;*iiJ:tfFH 
>fSS«Sfc- 3 V colEE. wliy- F*ffifc wSV- 
^««<0®fc-3Vtf>mffi^9JjnL^^ -0. 2 5 

SCO V«mEE5r8«raUy§^ - 1 5 f 

n. o» a/cm* ^^B^p^sasrw-r 

m^faS^*lfi^»«ffi|-r S Cl b tz X *) . mfB-a 



10 



20 



30 



*6ft s c: t lz X -> X V i> it/ F 1^ A 

mi seats ^ 1 t x o % a/j^tga^^^fe^ 

tmy~hi&m<o±izy- vw&i mm-hxmt . 

[if*«6j tmtbco^tzm&ztuzmfflbMmmgi 
h7>=;x?rt$mj}mx'3>~>x , 

tmsmn^m^mimmthzbizx*). 



ffl^fe B B©^frlS<0-ai««fciBE»l5^ Sr«S$*S 
xnb. 

50 w^^BB^^JSJriasjH^-^-fcfcj:*). b5E-» 



(3 

3 

h7>^^<^*Sti»ot. 10 

may- hwmniizr- hm&zmf&t&jj&t . 
m 1 ommtt-rimmt . 1 ^k^j: d 40 



^^6-14 063 1 

4 

[0001 ] 

swtii, jfegy-hsais^h^y^xrj' (mos 
^ (tft) &£V*<rymrfmemt&i>0>x'i>i>. 

[0002] 

(SRAM)i3SSUz£<iat>tlX»&. ZCDftMiSR 

[0003J sRAMfcfcwctt. mmtt.<vmi\tt 

tfc. (^DH^fia) 

^im^ffiKtf^ia^s^&^^S)*. sr 

liftrTS. ZcoiZib. ^g* J 4jt^b*-yMJLt«0SR 

[0004] CMOSS<0>t»JHr;Ki4ffl<0nf-^* 
h 7 >zsX9 b 2ffl<0pf-^^/HWO S h v> 

SHpSKift^Lxty-b/HcltSLTWl. 5fgfc* 

?-Cfltl£U ^Urjy#lg 1 aa«Lhfe:^j£3n/c4ffl<7) 
nfir**MO S h 7>i?X?<r>±£SMLtZE&7m 

[0 00 5] S8 3(i N liE*<0^CMOSM<0SRA 
MOlocO^ty-b^Sr^t^ftiaBaT&i. H83 

fe^Tipfc:. 2®r>n+v*n,mi (VyJ'V mo 

Sf5V> f X^Q2, Q4k2ffltf5p^- j r*A'ftSf (n 
-F)MOSh7>y^Ql. Q33&»^*>f>^- 

l&n2mW&J-Y (Nl, N2) tm^^^MK* 



5 

5, Q6<r)Vl"l>£.l*t'vh&3 3. 34#gg3*l 

fctt. "7-^113 5. b*-*MI33. 34#0VC## 

0. £«y-FNl (tfc«N2) t "Hi gh" (3 
V) gtgy-FN2 (ifc«Nl ) "Low" 
(OV) #x-?fcLTim3*iT^&. x- 

[0006] gfMtfM*: V-tfotmtRZtUit & . 
i>^. V-FH3 5* 5 "High" P^/KOS, T?-fe 
Xh7>yX^Q5, Q6#ON«®(C$#Li. ClJifc: 
i9»Bay-KNl. N2#t-.yMa33. 34i:S 
aUne&fcS. tfyMl3 3. 34fc, -t 

f«3 3. 34&%«&giim<?m&*tih'<>$w&£tt 
n»3 5*:4Jjr. rmv^y^^Qs, 

Q6£:frLTt'-* M|33. 34*>?> "High" &tZ 
« "Low" «flHI*iaiy-FNl. N2fcgfi$* 
fc«K«3»y-FNl. N2fl5««*gSfB^f:fc 

£05.kd&CMOS@»£#t&S 

[0007] B84tifiHW5TFTftS^^CMOS 

JtfcorC&S. H8 5fcH8 6J3fiaW)TFTMfifSS 
RAMOX ; Ey-bA'5r^r^ffiHi:«5Sft^»ffiaTi» 

6. 084~B8 6£#!gLT. «*OTFTft«SS 

[0008]B84Sr#StT. -kfikDtgS^fJI (« 
T. ±Sfc«rTS) pft*MOSf7>y'X 

**mos h^yi/'x^Q 1 coy— hW&t pf-r 

MOS h7yy^^Q3<0<ft*mBi:*«y-KN2 IT 



(4) ttH¥6-14 063 1 

6 

fSSt p */HVIO Sh7 ? Q 1 0M 

*>fciJlt;:»Jt' hi£ 3 3 3 4 imVt>tiT \M . 

[0009] <j?tc. ranmm?® (&r. rmtib 

(Zli^ nf-^^|/MOSh5>> ? ^.^Q2, Q 

4. Q5. Q6«9ft£&fvCH&. nft^MOSh 
7>vX;?Q2fcQ4 tf>-*«flUiS^®ffi V s s (C— 

10 h7>y^^Q4<7)ffi*«Si:* s y-FN2 2T— f*W 

[0010] JJf i:TJUi«fit8Jifc:J: 9#*i3*i.TV> 

5. ±Boy-KN 1 1 fcTS^y-KN 1 2Zm^St) 

*U ±«oy-HN2 1 fc~FJl<7>y-KN2 2fc£«i£ 
TrSfctofcx/P— *-;P5 2j&^tt£>ivO*S. 

20 pfcLT. MOSh7>y^Ql, Q2. Q3, Q4 

51. 5 2 LTtSKSft* CI t fe: X 

a. 

[0011] T«Tti. T?-feXjH£>n^* 

;nw o s h 7 y isx 9 Q 5 vy-imfe*? J - V n 1 2 1 

m&«y- kn 2 2 ciittdii. y- h®s^7- 

3 5tC«K3ilTk^. n^-v^THWOSf^y^X^ 
30 Q5c7>fl!rfir«B«i. *fe»Srtfcg»^>^^l--*-^ 
5 32rttLT. ±®tl^Jt^n^t'-y F«3 3 fcf^W 
fcSlS3it-C^S. Pat. nft*MOSb7Vi/' 

flejt*^ h«34 tzmmztvz^i,. 

[001 2] H8 5C0 (A) t (B) « % @84tC*$ 
^UtSRAMO^tU-fciK^etL-esfli*^ TJf^t^d 

m'fcvmttigmz^'fwvhh . B8 5<o (a> ^# 

±ST{±, y*-h«ffi6 0iO±ty-H^K 

40 *iT»&. y-hmgeotS^roTi-vSrv^^watt 
fl5 5feUi^D>- (B) 36^fttc^A$itTp + 

(tft) qi , Q3im&^tix^h, iMcom. 

[0013]ffi^T. H85^(B) £#«BLT\ T«T 
^fr»R<0p- ««rtt7Se®5 6A^j£3^T 

50 V vfcv^igOiSttJf 5 6 1«8^ (As) tf^mzMX 



(5 

7 

^MOSh7>'>''^^Q2. Q4, Q5. Q6tmf8.Z 

tix^h. 

[ 0 0 1 4 ] . mi&OX ±TB2rmmW»cft 

^T&fc«>t:X;l/-*-/P5 1 . 5 2, 5 3, 54#g 

tttftTv^,. Srfc. y— FN 1 1 fcy— FN 12, i> 
£X/Ztlt>Zim^hX)l>-*-JU5 1 ttSBOBMU: 
2»foiS»t^ilTV^. it. H8 5fci>Wt:fcjU 8 
HSlVssfi). b'yF*&3 3. 3 4Zffifc?hT>V 
S-^AffigL iJil^7-H« (y-hmS) 7 1 SrSc 10 

ft-OvfrV*. b>FI83 3, 34Srm^4T/P5-'> 
Affifctt .085 »|rr**L-WlXA— 53,54 

J-^tridt:L-L«{c:Wfc2*g»ti?>ix4. 7-F 

S7 1 ^ffiS^-ifc^r^s^AffiMWias 5<o 

(B) *TV-F»71^±fc¥fTfcg»t£>*U 7-F 
[ 0 0 1 5 1 08 6tt. 08 5?>L- LUfcftofcKffi 

fia^sRAM^^y-fe^cowawjii:. *<rmm> 20 

[00161 JMtA^U 3>3HK 1 y-feyPflS 
««2:»fiW-5 . y'J3 >&M 1 fl±»ULO C O 

s^tj:o. s*4oooA^aae^jg2i*ggjs$ 
o o A<oy~ mmou 1 im&.ztix . ftmut 

K21T^H8$*i.fcSt«A J SttS5 6f:^6. Stt«5 

r*-r l >5'»lihf F (ws i 2 ) m&e>>k&y-hm£ 

yZtdty-YWBtf l<7>±3iipe>^ As#2x l o 15 
/cm* eoSLKMXitAZii&ZttzZ')^ n+**)U 
MOSf7>yX^Q2, Q4, Q5, Q60>y— X - 
FH>««<n* ^5*^08 6*. SttJl5 
6«D3^ ^0±t:y-Fmfli71W5:iv^«) 5 6b 

£oTW6»^H-**;l^«5 6a-e&£. JgSKfc 
1/tCV Dffit J; SKftRjipy- hmS 7 1 «±t«a 40 

WtA 2#®j££*U,. JgfSte£R4 2.cr>m>m)3 0 0 
OATfeS. 

[00 1 71 y— FN 1 2, N 2 2©t»<0^-*- 
^51, 5 2i>2tfX/P-*-^5 3, 54 (XA^* 
-fr5 1 . 5 3«B8 6+fctt*£*lT*vfrv») iflf & 
&&B4 2rttCiaP$<l&. X4^-*-^5 1.52. 
53. 54MC. AsJ2xlO»/cm 3 <0»SlT£ 

t* m*- 2 o o o A <r&&&&> y 3 y m t 2 0 0 0 A 



*f§SH I 6- 14 063 1 

8 

. XAr-ib~)V 5 1.52 <D±fcfct A s £ 2 X 
10 J1 /cm 3 <^)SJST'^ff*2 00 0A^tea>' 

<0y-Fmffi6 0*^«?it4. -I?>y-F«ffi6 0?> 
±fcrCVDffitiS5*2 0 0A«DBKUK#y-Mfe*i 
&4 3 fc LT»j£$it& . F*eHit4 3«±lc 

3 0 0 A^ISSy 'J 3 >H£ C VDft fc J: r>Ti£ 

#®j£3iT.& . Z.oy&isg& »J 3 VJlOifcRJi 6 2 ox: 
CSfflgTlT&O. X^-*-;P5 1 . 5 2«0±fct>V^ 
T, TSfcOSM^^BSfc^ y-hte«R4 3 

51, 5 2<0±fc. y~HfiNK4 3fcaS&9jPfr» 
MCfoXB) £2xl0 2 °/cm3 <7)£jgTSA 
^"SCfctiO. pf-^^/HWOSF^yv'X^Ql, 
Q3C0V-X- FP4>^«5 5b (08 5#«[)a9g 
T^cOJ&^tM«(^ S*#30 00Atf>¥ 
^3ftfcJII3^K4 4#»|££;ft.S. X/P-*-^ 
53. 54£??tfBIPLT. 9*700 OAcOT^S- 
•>AE8UI91j&ftt!aS*u =.>rs*i*ikfc 
b'-/ HI34 (S84) im$£1xh. ^rt>. b' 
yF83 3tt@8 64»fc«**u5:^. $^>fc:. 1^7 0 

0 0 AOT^XVC VD^fc: J: *K«3!p4»*4®ra« 
»K4 5*J»^*tS. .1«SS^K4 5C0±{C. y 
-FS3 5 (08 5. 08 64'T«y-F«ffi7 1) £ 
*ffiSrrS3tftOT^5-»>AiES«9 2*«8 0 0 OAtf) 

idtcLTfi!*<OTFTft?Sa^:CMOS ■ SRAM 

mtm (Vssl) «^§#iTiv5:v^ 
[00181 

[IfcTOJJK^Lidt-rsplSil m&TFT ( P ^ 

o s f ^ y^-x ^ ) eymfftmzm & i tc* 

B87fcL f-^r^-rt^O. 8^m. ^^MSO. 
4.«xm<7)TFT<0FU-f>«EVD =-3V£8ttllL;te 
J#^C0FV>f>^£ ( Id )-y-FmEE(V 6 ) «K 
&£5rr. y-FmffiVG =-3V^)i:3' (ON«S) 
»KH>®JIdB1 nA ( 1 0" 9 A) . y-F«E 
Vg =QV<nh% (OFF«S) <0Fl'-f >mSEiD M 

1 OOf A ( 1 0 13 A) X'hh. 

[00191 tZZT. SRAM0)immitiZf$iX . 

tfcxHT. 1 6;*#b*? F<OSRAMtli>V^T«. S^F 
Wi^hriiiiO. 3 5—0. Auml^tch. Z^SSLff) 

S^LS:<^&i:V^raSjS*^tfc. 16^'b-^F 
<0SR AM^ t »J -b;W^L^^SBIiJaT<^iA 

[00201 m^^ffiff 0 . 4 At mJ«Tfc:8Bifl:3*i 
St. F7>yX^crH=®ttSri|fil-rS3ty>t:«ffl3fL 
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£®SSEtt3. 3V. £M3.3VZ-efmZtL&. 3 $>&. 

Tm<nY z 74*\- : 7>i?X9Q2&tz\}.Q4<r>$ [0023] CKOi^t. nf-v*;HVIOS 

#26g<ofifc:3:»K fc*i&<:5:^T zoztli. ^ffliSfctt "High- 

<S. ZZT. 0ith7>i/A9(Oa>y9?s'X*m oy-Fffl U«*§£fciNl ) c^pf-^/PMOSF? 

i>-T3T\ 0=ueoiet W/ ( toiL) T^-X^>il >y.X?Q 1 1 nf-^*^F5>'i^*Q2<Dgifo& 5 ^ 

liu^cotm^. uiny-hm&njm. m±y- fn lffymmt&tmmtix tstEvcc^ 

Ffi. Lliy-FftT&&. 10 ^5r*>*>l. 5VC^tTRL, y^'J-feyKOiW^ 

[ 0 0 2 1 ] 08 3*£MBB£2tlvt , >t'J-b*rt M.'K^^lix-^'i^LT Li 

<0£«1S$B<D^a;i$fctt. b'-y hS3 3 . 3 4<0H*fc: d . JS*3W3rCfU»tS i: . y- FN 1 cr>ftM%mzif> 
«EVcc?rajnL. V- Hfi 3 5 (CiEW«E^i.T "High" OU'OKO^SffcL IT/^WS' 

tHzX*). **WW> "Low" VK/UmnVvJ* Q2iZir>X. J&SmftVss (OV) MCHtlTTL 

h7>^*X^Q2 (^fcliQ4) < "Low" l/'OMi i o . H«R5(CfcL n^-r^MO S h5>^^Q2 

OiY^A *h?>z;x?iZOliimtzt>& ) Th*-/ F& a>J~?«&tt#»C*3l.t ( 1 f A«T) »J- 

£ft«LT. y*'J-b/KO "Low" l^HSfc58#S ^^£fcJ:&»^tfDS®«ON«S<7)p^-v^H«0 

b*», hlftottfil* "High" V^CAHBfcSaiSb*>3rh SF^Vi^^Qlfci-oTM^ftS. t*»U Kit! 

b> Miesst?*. znxdzmtmzti., xtm w&cnio#Pi-**A>Mosh : 7>i;x?Qii}>t > m 

y-FN2# "Low" l/^(OV) . y-FNltf t&SiliCSJ: 9£V«D-C\ ^-*#8S8;£*l.4C: fc£ 
"H i gh" K;K3V) <omft£ft#LT^&i:^- 

St. h^y^^Q4, Q6*TON«S<0t». b> [0024 ] x-?**«8£*l&fc£<0#i5t2:i d^L 
F83 4*^F7VyX*Q6, Q4£aoTS*fc«tt y-h'Nltth^>i/X^Q3, 

Vss (0V) tzWHLtf%tl&. tEVcc (3V)# Q4etfr'- MM£S83JrOi&. y-KNieftffl 

WJuSfUtb'-y F»34<Oh5^>'*X^Q6fctf53tjSc7) #3Vrt»£l. 5V£T»T»tf--&f:. pf-v^UKOS 

^fifcL b'-y h»34g#c^aS<Ofc«>t:3V36»iJ>l. F5>>'*X^Q30y-hmffitCl. 5VffME&Bm 
5ViT«Tt&. /9ib6H-**^tth.tf. y— KN2 Z<Dt£. h7>iSX?Q3<DV-xm>t>M. 

<vmmiovtz£\,*m£.tmzti&. 0 30 fcy-hWBi-i. 5v<=i. 5v-3v)t-& 

it#2«Di§£. l7>zSX?Q6ff>ONtfm(rmfL (3 6. *«0)t». ^itim. OFF«St*-,fch5^ 

>f99VX.9imti «F7>v**Q4tf>gSi<D2fg *Q3«^{iiB*fc:ON#S»=$:S (B8 7#ai) . «i 

T'&Sfctf). -e<l^>«?^i^-afc:J:')y-HN2fl>mfi iifHSfcU nf+*«'MOSf7y^^Q4«W ! -h 

ttO. 5V4?JJWi. mEt>3Vtf>£>l. 5V*T*«T-TS. -IfUCtO. F 

[ 0 0 2 2 ] 7- FN 2B nf +*yHHO S h 7 y^ 7>^'X^Q4fclcSai&f^£* s «^L; F^i^Q 

?Q20>!f-hm&&m2tlX^h. nft**MO 3fc®£*«cEh.S<7)T. y-FN2<7>mfi*<±#-rs. 

Sh5V5*X*Q2. Q40L^V>amff (Vth) « y-FN2«m& 5 F?>'i''X;J'Q2c/>L£^|«E 

0. 7VX-S>h<r)T^ n+^^MAOSY^yzsXfQ 0. 7 VJ: 0 t>S<=S:Si: . F5>vX^Q2«ON« 

2fc«l nA^<^r*W;'3rt'FS8fctfgSfi£C: tgfc&D. XV*, is a Ar¥WXX*)i>9 
t£%h. Z0>t$tz. nf+^MOSf?^^ 40 «865rB£-T i fc fc^rS . *<7)j|g£. y-FNlw5fl[{J 

Q2tcft^3iiT>f>A-^$-fl|^LTv^pf-^*;P $^>fc:fiT-r&. y-FN io>mfi#o. 7VJ3lT{c^ 

MOSF^>i/*X^QlB. y-Fmffi (y-FN2<0 St. F5>> ? X^Q4fc:9an$asy-FmE* J L^ 

m&) 3^0. 5VffDfc»ON«Sfe:fc6. t^:<>*>. p vvBOTfcrfrD. h?>s^x^Q4UOFP«QK:& 
f-^r^;HVIOSF^>^^Ql<7)y-XWS«EVc ^0«g*. y-FN2<7>SGL«3VifcT±#*U y 

ffli-2. 5V ( = 0. 5V-3V) t+ch. Z<DZt T. SSO^iix-^ReLTLid. "«rf>fc % 

x^Qi«ON«®t:J>S. c^ONVBI^&p^r [0025] -L*7)J:d^iko»^t:J;Syt'j^ 

*;HWOSF5>^^Q10FP>f>^£«. B87 <^ftt^»TB. H. Shinohara et 
fc-tfUfO. 5nASSr*>0. M&CCi> lnA^mX- 50 al., Digest of Technical 
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Papers. Sympos i um on VLSI mt&tHbiZli^ Afy^Wfiii: 1 u AfclT <T£ft 

Technology, pp 1 06-1 07t»L<l 1*0. 1 *t AWF) fc-r&i&ga^S. f0)fcti>£tt. 

SRAM<7)^t'J-b;P?rfl!^-fSTFT<7)y-^mS« 

[0026] tfCK. x-*#S«^|S18j6fcoVvc#i. 6 0 f A«T {X'%tl\i6 f A&T) T&fttUttr6& 

^IX. T?*Z.h7>~SX9Q5, Q6&mNMZ 1 0 0 28 ] JaJb<0«fc TFTfOONtStf^U 

"Low" l^P£§3^;fcVvfr<Db'?F8£0V<^ WC-Xt »J -t^K^M^AS^F^fc^S fc ^(SJS^tfHJj 

2tc "Low" l^^Or-^$rSj^<fEa<0^^ 10 F7>^X?fcT?*XF?>'j/;*^)9Jt£±H f 6i£ 

#*t*s. v-fn iam.mt "High- uk^x- *#=5:3*vo>s. {-efcttea. r?-tx h^>^x 

Vcc (3V)HVcc-Vth ( = 2V:V y^Q2, Q4V>-y~-h&Wtt% <f S^*»*J> 

?QltJ:ot(Vcc-Vth)KVccim ^lfc^±ffSJt»fc»iF7>{v\>^>^x^ 

L&WifcPSr^&v*. y-HNl<0S»{i»l f FT'ft Q2. Q4<0^-F(iW£;*;£< L&WifcfSr^&v*. 

0. PTMr^MOSh^S/X^QliDONmsittl L*»L&#£>. fcteSRAMO?--y7ffi«<Dit?<: 

nA-Ci>6<0T. ^fcjfc^BSatfcL t = lf Fx 20 «SMtoq^tEfc£S£fc 

1V/1 nA=lixsecf:^rS. ttb*>. *t'J-fe: /SitSriJf^fttr^-feXb^y^^QS. Q6«D 

^^^Sr^Sfc^iiTlAiseceSOfiV^S* 1 L^V>jMffiVth5rH7>fAh^>>'*X^Q2. Q4 

»T^-bX^Stta«5 0 n s e cSKcD^C&^i 3-£&^#&£fc#>, 7mh5^^Q5, Q 

t&£gTt>&. *<r>tz#>. ONmg&FlnAggWT 6<DL£U««EVt h£±£<^5&r&£:i:ttSRA 

»TS^i:*^^SRAM^t'J-b;PJ-«|j^-&C [0029] £>t. TFTtDOFF^fc^^^V^fc. S 

fctt^tST**. RAMCT)ifmmMJ s ±&1-Z>. SRAMOiRK^WiT 

[0027] 16j*^rb'-yh^SRAM<7)X^V 30 FTVf&tZimt&OX' (jEBCtt, (TFTtfHBR) 

CMOS - SRAMW^t»J-feWJCMOS>f^W 3 fgfcrfrS . ) . TFTOttfife6iRfCJ)4 

Moffigmhi&Pr-th. m8 3wt*j^iza\^ [0030] amxitz^ msnt^tt^sRAmanE 

T. ./—FN 1 , "High- ffi ^fcaf^L^fc^dlTOitt. TFTtOttfigfcKS** 

"L ow" P^K^m^^^-S . "H i g h " V h&ZtWVmZtll, . mtHkis U Zt>gm±£&f8.2 

^ammrtmtX^iy— FTtinf-v^/HWOS JutF^i'^fcifclSLT, T F T^)0 N^SKS/Jn? 

F7^*X^Q2^fc«Q4*«OFFttSt:J>0. "L OFFlg^^ V^)IJ» TFT<W-r^^t 

ow" VKJUnmm:tthS-YX'\&i>1-**A,MO 40 ny^f^UKO^T&S. 

SF?>';/;*?QiafcttQ3#OFFlj0gfc:&&. n [003 1 ] WMtZtv£:SRAiAlzm^t>tl&TFT 

f-**jmOSf5>2*X*Q2. Q4<0y-^58i O7^*^«fcJ:tX*«J^&7>£088fc*ct. 0 

1 f AETF, pft^MOSh?^^ (TFT) 880) (A) llTFT(0Tm (B) {±$M8B$-* 

Ql, Q3O»J-^«S[«100f A <B87)T& jg«E5 5«t-- F«g6 0«±t:y-Fi|^K^ 

s. jxt y-byKo^w^fmsas. it&LxmfS.ztix\*&. jseiis 5«fw ymmt 

ffl*fco. jjarp^^nwosF^y^'^ itf +**>i>mt£tv-xmmtif>t>i&fiLzti&. 

T) lffl7>oy-^^i:^S. LfcA^T. 16^ ^tty-FmeeOtca^r^T^S. 088<O(B) 

t*^F<0SRAMc7)X^>A>f®S[lil. 7^iA( = l <^«0t*fj: dfc:. ©*3 0 0A<^|£ B B B yy ay 

oo f Ax2»-t^) i^A?rai.. ft?woyj^s mma»st±, m&m^smm (tem> 

RAMfctiiH«v»tc7)t:^:oTv>4. IBafmWjZm 50 grwyttc:^. ^2 0 0ATJ>S^fc*sjW>>-5 
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t. y-vuto. 4um. y-h&io. 8*imT* AMiza^xmamsM^i^itL. ifomgmfi* 

fcW^l^fc«4 0®^m6«#ttLTV^ < Ii:tC [0 03 6] 

£<%t>tix^&xoiz. */\,m immt:i!fm-&fz»>(r&m if^ait«*m*s«6 

7v7i2^ztittTr>)Tim#tt&cr>*vVTZw *>~>x. ^mtmmt v-xtsxvvuj ymmty- 

teLxnmmifth. x o . t M6*iitfcy-b«6fc£ffii.&. m% 

izh7>z/xftz)mLxvu4>m8ico&T.&mg. io tr. v-xaxt/^>ommit. ^^i^mtzx-y 

LTfWagfc:.* Om : f* J fim^*><?,^^\i9e3 FW>S«<7)ig»;:-3V<omEE. y-h«Bfcy-x 

*U Y^>tp^V-X^&tlhZktzX*)TFT<7)0 ffi&crffllZ- 3 VCD«ffi?r QQlD Lfc*&&. -0. 2 5jtx 

F FmJSa^mBirr S . LfctfoT . T F TOO N1Es££ AJ3LLT& 9 . ir^V itf K W vgiBkoiafc:- 

ntkzik. oFFm8&imti>t:#>izte£mibi'V3 3vwmK. y-hm&tv-xmmcr)faizov<vw± 

[0032] ^toB^U ny^aggfrJtt*:?*^ TV*6. 

ffii: LTHL #b b b © ( T=£fr7 rX) i/'J 3 >£Mm [0037] M*«2 fc«&m#$&3HI}S]g h 5 y ^ 
U 6 0 OXSS«SSTjR^ST--^S ^fcCJ: ¥#f*SiK t V -Xi> itf K W VM«fc y- h 

ffi&ZiP. tit ttfz/'i/yy ( S i 2 H 6 ) li^*/^«fci^T#fcSftfc^f^Ko»#rt 

flfcLfcftfflg (~4 5 OX:) WCVDSfcioTT fc»j£3*lTV>£. y-hMfl^f^ftiMNfia-hK: 

*iv-7rxi/»^>*mmhim?2>&. kz*>#. m&ztix^z. y- vwm±y- htmm<o±_£B& 

ZcnttkX'liZte&z/ 'J nyamm:— 1 vm&itlzm 30 ?iiTV>&. l^tt^J^^ *;l/^i#$&!i*^fl5 

wr^^tii-cs^. -r*M*«3fc:«s*««^^jsh7>^x^<^8i 

[0033]fcfci.«T. ^1862-287614^ Hmtz&^Xlt. £-f. ^J6b%^*M*^JS$*i5. 

>mmm^&^^<-th^mm^^ixxuh. i wimT£m&iiti£i]&m^#jB&&&ztLh. z 

^^2-84 7 7 3^^^. xdmw&ttz mim^mtm^mmthzktix*). -mm? 

&mznh<v*Mmtz>i5&m*^ffl?F:2tix\y%:i\ x v—xa xx/ h >m&btmjfi2ti&. 

[0034] -?-<ofcy>. mut^tutT f t^v^t [0038] m$m4 h y >vx 

/^^OFF^g^^rtidtJll^SitfeeB^lffliio^ J8*^«$ixS. ^S^ftja^SRWfcl^i^vI 

[0035] zmmnm^ ±3&>x o z&m&t: zttzx*). snmm^iA- t>%h ^wmwm 

mm-tzzkxiy*). jaaHtsnz^cMosssR 50 mwis.zti&. ^ff>-^wm±j^y~Yimwdm 
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1 5 

ZmXtZZttX^XV-XtoXVYlsJ Sffikim 

[0039] m$m 5tz®&n>m3ism® y^wx 

mimmm&ztLh. ^nm^m/ninzy- y mi 
mm&ztiz,. y-Ytmmv>±tzy-YW&m& 

em** mx-th ztizx or v-*4s it* k w > 

[oo4o] mm 6 1:® hwt%mmm Y^y-Jx 

gmn±tzy- htmmm&ztL. y-Yimm<r>±. 
[0041] mm7iz®hnttmmmY : 7> i Jx 

*htih. itamimwgitmsmt&ztizx*)^ * 
imwtot^y- vmdm&^tih. mMmzmim 

[0042] m^&£&hWM%SmR Y=7>i?X 

zti&. ^^mim^mtmtzm^mxMx^m 
m * >z&xth z t t«t ot . mkm&mitf 1 40 

fuztih. -^mm<r>±£y-h&miffi&ztih. 
y~ Ynmmp>±.£.y- vw&mfss tih . m&m 

hzttx^xv-xisxvYM ymmw&zti 

[0 04 3]ff^B9fc^SIE^3S^JSh7yvX 50 
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mm^mtmwitfim^tih . -^&mco±.tzy- 
Yt&mtfim&^tn, . y-Yumwnucy-vmk 

<tf&mz*wh*mx-t t zttzx-yxv-x&xvY 

[0044 1 wrmi otz&&m#mmn&b7yi'' 

*<r>m 1 <okj?j; 0 \.i®2<r>wm-&tthfmt 

y-hummiffl&sti. zny-hwrnniizy- 
vnmm^ixh. ms^^^mwmm^ 2 <m. 

fctcj: ->X V-XH i.Xf Y W >««A^«$it4 . 
[0045] 

tJV^Ttt. y*-MSl^mfcfc>)<?)ONm8£* J 0. 2 5 

isx?tn$ib7>i'X?tLxmi<xr&s&. sram 

^£*«1 5 f A«TT*S. ^<Ofcy>. Cl^Kb^y 
^'x^ 16^^rb'-yMa±t:^^^3^ fifcaHL 
$fut S R AMCO^W h 7 >l/ X 9 fcJ«B5 tLfc^ 

[0046] i»r*« 2 ^h^m^^m Yy>=JX 

iizifi->x. z<rm&Y7>i;x9\^ mmfozti. 
[0047] mx® 3 %\ 1 0 1:^* mimmm 

Y7>iSX9<?y$mjimzi5UXlZ. ?*^l<ffi&&& 

O F F®E5r^rt^lS h =7 >l/X* im&2tl&& . 
[0048] 

imtmi hi<o (a) axmio-mimizxiTF 
T^^r^OT. ai ( b) tt*<o$«HT-&4. @ 
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1 7 



1 8 



iSSJf 5 5£fiti.T^£. y-hm«6 0ttigttJl5 5 

[0 04 91*111. 8*Ogjt;&8;fcJ:SiSttJI5:fii 
XfcTFT<0^tt?r^rt. 31££tvrtt. TFT<0O 

N^SL OFFmS&Ofifc, ^tl-ffUOTFTW-v** 
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1~3«. *H*oigJi^A~Hfc:J:SStt^^fflv^ 

fcTFT<0^tt?r^LTV^. No. 4. 5\$m&M 
4. No. 6~8liit*S^LTte<OgJt2r2;fc:J:S}S 
*;i^ijum*fc9fc^Lfcfi#*3ivovs. on 

mSLtfO. 2 5juA/jumJ3LL. OFFm&*15fA 
/xdnliTF<OS^r^fr5:g|3tt-TFTt:oV^TOBl. 

[0050] 
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miZmmtX. No. 4. 5fcL ISiSBIfcOteESrSI 40*OFFm8S<7)^ctf£8!M-rs. *f8WO£B5:fr8*:J: 



V>fcTFT0)!fttt£*l/O>£. fcfcNo. 4t«J:tl 

&LX^<Xt>. KSmg.tfl x l o 9 M/cm! e 
STJ>&^ ONmSfcOFF®£o®£fi£S5*rf- 

[0051 j ztuzftix. *%mmmm£ x 

fii^fl|V*TFT (No. 1. 2, 3) «ONmS£i:^50 



[0052] tixomk lxis-v r--n>mtz£ sas 

•f&iJi^^^^ir^t. No. 6^^, 
«^S>-'j3>*£ B B 8 e^^St±»0. 5//mggT 
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IhtlKOX, ONWfiitOFFmSLcrmiimimtl-t [0058] @4«H3<7>K-K^tmo^iT6]*»^ 

TFT$&&Z t^X^i. No. 7*)*§£fcfcL %h t&m&k*. H4^#»3LT, *fS*5J?>TFT#JgflI 

[0053] No. 8«. LPCVDffifcJ:6^ y'j3 jy£$( 1 iZitH 

tuk^v^ymtwgmk Ltffl^tTFT^jf ess 6£#arrsj: 3t^fBK^K2 1 a^jss^t 

I/O**. iSttlSrfcjfct&lgi&egH; 1 5 v^. ^*rt^S5 6 atf)±fctiy- M6*i§?4 i# 

oAggm-Kc**. ^ f Timferyzs&wcm «A&tiT»£. y-himm4 ico±u±y~hw& 

[00 54] H2Ji*fM8co-||ife0|fc:J:6TFTtf>S 10 /utS§tt«cDS«t:linacoy-X • KM >®«5 6 

f-^kgO. 8ttm. f^r^JHHO. 4*im<0T JK4 2#»j£3ilTU&. Jlf3»tiJ84 2rt«iX/l— 

FT<DFW>m£EVD =-3V£QttaLfctta«>Fl' *-*51a. 51b, 52, 53. 5 4#HEI3*lT 

-f>^a£lD fc**-FmEV 6 «l8flb&%;$*ro^>. &x/l/-*-;H*jfcgmiS8 1#JBj£3*iT^ 

*?69J*>TFTfc:J:;h.fcr. y-b«EEVc =-3Vcr>k &. Ui^feSv'J 3^1 t9>?X7->is >J 

£ ( ONW) tf)FM y«s£ I d K- 0 . 1 iiA ( l iM FJ|fr&&*. Jg|3%ii&4 2tf)lt, x/P-*- 

0-^A) . y-httEVs = 0VCDfc£ (OFF«S) *320>-nbkXtlf-^ti—A,5 1 b«S«rt£3tg-r 

WW>ttIi tt-6f A (6X10-1* A) Ti> Z£diZ. *^*JMSJm££tifi4te-fr&&l>B» 1 

S . MS 1 ju mfcfc "5 (dftSOTl 0 0 0 AnZt&fkis y 3 yJf*>£>£-.&«ttJf 5 5 
fcf, -fil-efl. -0. 25//A//im. -15fA/;u 20 S*lXV*4 <B3#«D . JS1tJl5 5»£fc:A s#3x 1 

n»TJ>£. fiB^TFTtit^T , ^"^TFTtiS 0 18 /c m* <0iiAMT'4 *V&AarC3SA^-&C: fc 

V>ONmatffiUOFFmaS^£i:*fSJB3*l.6. nK0ft*;H«5 5 a*9ft£3ftS. iffiM 

[0 0 5 5] B3W (A) t (B) it^mXO-mb 5 5O±fcteCVD£fcJ:&ffA2 0 0A^gNfcK*>£> 

«fc«tSTFTmSffl^CMOS • SRAM<OjX*»J ^^*-M^fS4 3*gBl£$^-C^S„ ^'-b«66 

-b;K0**l-e*U ra^6gm^<7>TffiWffii»^ 0*2, «S*gilffit4 20±TX;l^-*-^5 2«D-S5« 

^t^ffiB^fcS. &:b\ *fHB«SRAMtf>.X*l>-fe: mtX)V-*—)V5 1 a<7)®Srt5:^«^-|, J;3tC-?-^ 

;K7>^tf IH]F8HJi«*^)?r^-tB8 3 . 084 tH—V -f*U BAZtlX^Z. Stt«5 5tttpI«9V-X • 

. FM 5 5b A*Jft£3;h.T »^.y-X4'H 

[0056103 (A) 5r#MLT. JJTCtt. iSttg >««5 5 b£LDDflB&i; LTflUfrTS^Wi. £ 
5 5<0±fe:y-h«fegKSr^ifiEU-C. y-hn&60V 30 ^\ y-h«S6 Ojfiflf<oy-X • HH>i«5 5b 

JMHttlTlift. y- F«ffi 6 0 tm&->X W5rvv^« rttctful' ( B ) £ 1 0 k e V<D&Ax*;MfC 1 X 1 

coSttJItefcL (B) *^A?*tTpSW-x 0 13 /cm ! WSEASr4*>'&At6C:fcfcJ:9p- 

• FW>««5 5b*^j£$*i-0^. y-x- FV »«#»J*$fiS. y-F1fg6 OtOfigSfcJft 

>r >fa«5 5 bn&a$,y 3>-«*>^>m$iis . £ «jK^^-^mLfc^, ( b ) ^axx^ 

tltzX*). pft*MOSh7yy'X^ (TFT) Q =¥1 Oke VTSEA41 X 1 0 15 /cm J X'V—X - F 

1. Q3*^«?<1TV»S. fcJSc0ffe&#^{S, y-h *"(>ffl&5 5blZ&A-ti>Zt<Z£*)p* 

»B6 0*«SttS5 5O±K:*SF-/r^-hSBIJif: Z<0£ dfcLT. ±^c7) P ^*;HWOS F^ 

SfflLTUS. >y^(TFT)Ql. Q3^««$^tTV^. 

[0057] ffcST, H3 (b) iZ^^tliXdiZ. TM [0059] %t5. H30 (A) T^A— *-^52^ 

TfcL ^«««<Op- S«rt(C?iSttfl5 6*gg«?ii 40 a«T^r*-F«g6 0f:S5tt®5 5*s5:^t:a=&^^ 

y-F«S7 1 3&«jgft$ii.T^s. y-Fm«7 1 tm m*mz>tiibTt>h. mi 5 5rttcy->c • fm > 

^roTW5:iv^«wattSt:|iS^ (As ) VmAZti ^5 5b^StTSfey><M3ryaEA«y-F«S6 

SClfcfciOn* y-^- FM>««56b*qg^3 OCO±Jjfrt,fj%btlt>. *ffXtt»b^ Xfl^?b-A,52 

tix^t. znxotztx. nft^Mosh?^' <o£ffl&totzy-hm&6 0imtft>nxu&t. #0 

X^Q2, Q4. Q5. Q6iffif8£tlXm>. tt:^ X;P-*-^5 20«8rtfciHvt. y-FUS 

±T^iSr«^Wfc«^tSfc«)t:XA— 51a. 6 OWTfcfig-tSiSttJI 5 5 iTaL^rV^ *<0«g 

51b. 52, 53. 5 4*^(t^»*l.TV^. x*-* SttS5 SfcTJihO^Wg^ftWl^^. 

-;P5 2<0{S«fci>V^T. >-*-Fmffi6 0tSttg5 5 [0060] ±Jl<DTFT£»SI-rS J 3fc. 

Ji5V^tC*5:^V>J:dfe^{t^>tl.Tl^. 50 K4 4*qg^<lTi^. 5 3 . 54$:^ 



(12) JtlSH^-l 4063 1 
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LXV-A- V\"f>ffl&5 6b£jm?&J:otzT/l> fa^'J 3>^£&Ax*^l OOkeV, &AS2 

%&mm&&4 5 if7>i>$ -»> ^mm 9 1 «o±tc® j o . ^mmLm&<r^ \ wnmm® i o 2 

^^ft«R4 5<0Jbfcfcl. 7- Klfc*§aStf»t 3*U>. &Ax*H^l OOkeV, X 

*x9T>i'$-^ffi»^9 2jWgj£$;h.&. d<DJ:5fc: lO'Vcm' X'isVzi>iM*y&AZtL&zttz£ 

LX. 48mr>TFT%mg&CMOS • SRAMtfD 0. tg B B Bail*?fJS^/h3l«®««l 0 l*gg|£$ 

^ * »J -feA^flUSSflTOS . ill. . Zff) X o iz LX . 10 3 rt<Oj£ B B B« 

[0061] *»BB0)TFT ( pf-^^/HVlo S h?> ft&M&tf 1 fflOTteSflS. 

S^*) Ql. Q3£0ONms£«0. ljuA (02) T [0067] vKOlfS®^ 'J 3^**^6 0 

s>*. -ecofc*>. "r-fmvfpftza^x . -m g 10 o-ctogsniim+Tsi^^g. *»«i3*u>. 

h" l^'OHH<oy-K»H^^^>5y>'*>t^Q2 (i f*mt*lz&^XfflRf&&<7M#X^6^^£otz. 
fcfctQ 4)fcln AW/X P ^ 3 ;W n&£*WlT VJNSAOK 104 £ V >3S 

t>. "H i gh" «1 0 2rtT^affl»^rS. 

\~V>i'Xj? (TFT) Ql (^^«Q3) iP^Xiy 4v£V^8l 0 lTti^*;P««l 0 3rtfcHi«D« 

•yyg^H®SJ:»)2«r*&V^ONma[ (0. 1*A) 104#f£4M-£. 

fctfT^S. Lt*s-5t. ^iflimrn [0068] ®ffljfc6#»Tf& fc . ^hSM^'J 

-b^fciJV^T. S^T&Wf £>o< ^ t tzX Oig^Btt ■t^TIS.&fcU 07 tz^tX o 1 0 5TE 

(01t) mfcLXh. -H^^-^^toWt'J «J<?,tifc^a<B<OtgSe*^)S$itS. f-^*/HS«l 

-b^najiM^**«a$iis . o 3 rt-cii 1 »oa 104 4^^^^*^^ s 

[0062] 7-9<r>mimiZti^Xi>. "Hi 20 ^*;^«10 3^«^,Si6S#l6fi^y3^*^« 
gh" U^Uoy-Vco'&tZi: (Vcc-Vth)K 

VcciT-^S^&Ofc&SStfSfllti tt. ti = 1 f [0069]H»WA2 

Fx 1 V/0 . lM=10nsec(10"»sec) 08^9te#^JJ<O^f^jg<9i^:^A<O3S2|| 

ttch. 4^*-X*Ufc:^c3n&«iiiQH jt0IS-XgJ«tc^^iiiBT-*>S. 08£#!SLT. n 

^+^ssj£-rsesr**ra<osRAM<o^qEy-b^fc sty'ja vssttj^THte^A 1 tmm£gi&im 

[0063]$ £>fc. *3fMSfci: & p?--v*>HVIO Sh « 1 0 2* J Jgj£$*l.& . »i&Btf&4®g?>/h$ v>S&£ 1 

7>y^(TFT)Ql, Q3cOOFFmS«6f A O lli^^;l^«l 035-^tr. 

(H2)TfcS. fci:*.fcri 6;*#b*?K75 3V>®S1 01<7)5*>. f-^l^ 1 0 3 Ofl-*^ 

SRAMfc*^W«OTFT^a»rSfc. -e^^VA 30 ftttlJyB. ?-r*Jl4Ml 03«®axt:^L-C 

-f«S«0. l*tA ( = 6fAx2»W £ y^xi:^:SJ:dfc:g^ti«.. 

coi^tCSRAMOX^W^^JJrl^AHTfc-ri 10070] ^<D&, IfSHv U 3 I'gMfciSteWA 1 

[ 0 0 6 4 ] ±^feSfeMT1iT F TftS^^C h . Z\<?>t § . 09 (Z^tX o I6^a«^«s^h 
MOS • SRAMfc LT. h tTY— hmcotm < y- 0 lT'»4iLfcai 04OfiUU<f^iM^ 

hms 6 o mmm 5 5 »±t:jbs«s > z&m lt v» « 1 o 3 <oHt:#^s^fc: t, . i^Baa^sfs^ 

S. L3&>L. *«BBOTFTi:LTONma#0. 2 5 ^V>««1 0 2*>^te^*l 0 5^^*^«1 0 

mfct&cvehtiif. *%m<r>TVT*xyj±y-vm. mesinx%\WA\ o 2*^^*^««i o 3$.x-<n> 

mm (y-h«S6 0*s«tt«5 5<OTfe:&S«}t) t 40 HSS^^^n^l 0 3<^S2[fc?tLT+^h*:#<g 

LTSRAM£SfflLTt^tt?>$S*£#3-£. ^nTl^*»^T*>S. r«0J:dtcLT. fifcSL-fcte 

[0 0 6 5] iJCfc. +«»9JOTFTcD«tt^fc LTfflV^ AUf^r^4<jHHl 0 3£t£fcftt^ ^-r^Afltttl 0 

^S^«^M<^^J5«A~H«>#/r fcovvtiKH 3^«<cfev^T#JlS B B B y »J 3>^K4^^n4. 

^■S. [0071] B. fffiWk<nm.*tthT*ifr7TX 

[0066] A. is9x>4*>*&Mi' t J3>m!z 5s\) nv^JS^^^Ig^ 9*>*fm&Rtt&jm 

HA^h^tizx ^x^fmn^mmmm:^& mmms 1 

HMS0IA 1 £XgJ«fcSrtBrffi@T'J)6. 01 Otf) ( A ) *#SiL 

05~H7«^i^JS^«^6«A^l|li«J!fc:J: x, lfiga«2 0 2±t:rt/P7r^i/yri>^)82 0 
^ie^«fc^r^ffiHT*>6. 052r^LT. ^16 50 3*^5<xS. rt^rX^U 3>^K 2 0 3«S 



t 
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i 2 hb /^tfsfi^ffxsjjHvcajB^soTrrjBjfc 



K©2000AOT ; t/P7TXi/'j3ygfK203*gB ±£%itMTti« «£»L*:ffl 



[0072]B10»(B) £#«gLt\ 7t^7r^ E£i3g6 0 0'CTl 2Bftg. SMSILTVi&jP,. KS 

vU3>^K2 0 3«0±TTFTOf-f ^yl^S«t:fflS 2 0 00A^&W*£*g,fMk$*£WT';Mlfcr. 3B* 

£ixS. £4>l'3'':*MR2 0 8e>r*&3tt. TF 10 [0076] 7tyP7rX«Sfc{J, I^gMa^ 

Wt frum t =SrS^# USSi 0 v \ fc *. *o SrfflHWSrtSitMJIiSfcffcfcSrV *mX'S> £. . fc Z h 

tr. p^xhK2 08<^*:^$«. Mtmvm&zti? #9mizi}. is^cvDrnx-mmt^r^yrx^v 

no. 3*emSS^&<^oTv^. o£D. 3><o4»t«. ^/h^igfc'ttfc&fitf . rft/NBR 

«0. 8jkiiu ^^yMBO. 4/*mtf>TFT£»j£r 8tJ fc WHlt i 5=SrfflB0W=S:teaflSJ&*«LTV^ 

Vy*XFK2 08<0*&$(il. ljumxo. fcft. ^&7«A'7rXRBfc<iti£.'Qrt>. -KOid 

[ 0 0 7 3 ] ifcfc. B 1 0<o ( C ) tzjfct X 5 fc:. W *J a>tz-thm^ai. ±lzzcvWijH&il&frt>ffit£L 

xHB2 08£v;*?fcL-CJflvvr\ 7**7 r^y LT^Un^tSB^i^-rs. t>U Bffl^^RSSl 

^>WSk2 0 3#HC l ^<077Xv^x»Ha+-c^ 4>tc. J>£««rtfc: 1 

yXh&B&fcJ: 1 ). imfflJicrmgimtf&lxhXo 20 «5rlfflO*lg B |^y3>'*».^>«^s < itAJ-c^S. 

fc/v-^y^sfti. zetimmmft&it. i o o 7 7 ] aw^fatt 5: m^tm fc lt, ^y 3 v 

45Sfc^J:dt:7t;P7r^>'y3>gfK203« %Wmt:mtim.imt>tlX^h . R. B. Ivers 
y^— onand R. Re i f J.Appl.Phys. 

[0074] HI Off) (D) fc^idfc:. fflSBAHi 62(5), 1 September 1987, p. 

&T^£&h£o&W-->7Z1XtZT : £A'7TXi/ 1 67 5~1 68 lTli. i^V *>W<thZ- 

U3>'SM2 0 3$rgSlia^»PTiag6 0 0XrC12 fcfcrloT. r^yrX^J^><^ffM^ff>Vm^ 

•Sfa. #MSlf &. T^^rX^ynv^gfcSsaL. i&£fc#-C5Sfc$B&$ivc^&. *f£9i<0¥^f*S 

l&'nSfttf-SiaefcSiUT. mmZtihTViryTX M&m&imffmmB2lzii^xii. y » ji) 

fci.tr. isg2o [oo78]ssjs0ib2 

o o kffyr^y rx> y n y£a&6 o oxresMsi B 1 1 ~B 1 4 *fWHo^«^Ki?^g^Bo 

3«f3Tl 00%t6&fcU -f^^gli ^2lUfeffi?rXe«{fc^t»|iiHTJ>S. Hi l£#88 

1. 2~1. 5umT3>&. JRJ*5 0 0A*>7% LT. ^PS&lEt^O lff)±.tzHMf&2 0 2iJ i ]8&£il 

fry rXis'Jay i&g.6 0 0X?Cl 2f%fflg&m-t& TV*S. *eSK2 0 2cO±tcr ;; E;^rX^y3^K 

fc. 7t*7r^y'j3>ai 00%jS^jtrS. 20 3*W20 00ATllJi^Blfcp|Kfc3Bj£3fi. 

0. 1SmmMMi:^ti>r^yrX^V^>mRi:f^ h. HI lfc«. 1^X1^2 0 8£-7X?fcL-OBO 

>SifrS«&. T*A>yTXssVa>mmff>Wt&ff>& XT : t)\>yTXi/»ayWBl20 3&x.*r+>y%tllZ 

msM^am< . mmm&off>^fSLmmm vs^snx^. vyxhB^ossrK^-rsw 

v*. Ltfr'ot. B10A5 (D) fcjjrTidfc:. 4^ 40 TtA-^rXv-y 3VgfK2 0 3tfV^-y<0^ia 

tiaSf^Wj: V v^lg^i/ y 3 y^ffi 2 0 7 im&2 atfc'ttttEAx^;^ 100ke VT-^l*|6lfc:^ LT 

tiftZ. 3 oeosei^aEA (^EP214) •O'jaW*^ 

[0 07 5] BLbe^lttWBlKriJV^T. fflv^tiSP ^xiO'Vcm* SS«aA*TaA3^.6. 

^ h^^^->w^m<iTFTtf>^^^^[i t: j: r^/uy TXi,ya>mm2o 3<r>mm2 1 

o^f&6^0. 3*m:*;£:5rt,<D?:J8vvo*£. 24»«St^N6SR5: : t<-r^fc* I -C^&. i-t. y'Ja 

-yrzhtz^&i'vaymmtmv'vxfzmm- mum^t i®£VL&ffit$iL%i*m&9mzii 

i o© (D) tzjfi-txotz. 4m&*va>n&207 ^Mtiw-mmx'tii. mitz^-txot, r^yy 



o tZT^fUy r Xis y 3 y *&g a i£X'$< Z,c0X't>tlii. 
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0. 8^111. mo. 4um) . «&±?&gp = 3 X 1 0 10 &##"^fflfc^£vlfc«3r^. Ztlii. rt^r 
s /cm' /mi n»7t*7rXy'j3^ > T= 1 *y ij 3>£^J^3-£T#*6,ra>'y ny£#6*§ 



0. AS>0. 1 Um» T^WUfSr&SrV*. itAx S#):7r SA^T&S. t&BftfijUEC 

0. 2 0i/mT'*i. -OaAx^;P^T\ &AA&3 £<&*Clfc#g^3t0*S3y>jfco'O^. E 

a9B)£3;h.s. as=o. 2jum» rfcO. -ffiifiv*. 

±tfS$£8i£LTU£„ [0085] idfc0|B4 

[0 08 0] ifcfc. Hl2£#«&l/C. WvXMS2 0 20 Si 8~B2 Oli*^Bfl<7>^«^H<OSBi*ffiB^ 

8£i**u ^jsfi^apfc&^^n/cws^*^ 4mm*JMM£^?mmBZ'f>&. mi 8*miL 

flX^h. ^MgSa20 6#{£KL*&#>TU&. i« x, »8lfi2 02t0±t«r^7r>t^y ny^H2 

«^<^MKiag«6 0 0lCSgfc:g^-i. *<0«. 1 0*9gj£?^L&. vl<DT^7yX^y3>gf]g2 1 

HI 3dz^tX o ISJlJfcfitffT&irfu ®L>h&,)M$. 0<rffl£&. £x-'^»/?-Vy'fc:j:-oTH«iK2 0 2 

2 0 6{2*£=3tf& l f B 2 0 7fc:j£&rs. fiftfc. T*A- tn6j*»3»ifc-^<^rSiafc:»«$iiTV^. 

7TXisVaxry&Mymi 4&ict£ JMSAS' t.. 7^7r^y'J3>'Il2 1 OfcHi&SfifcfflBI 

[0081] %ti. Wmsttim&BLpifrkiZK. ± [0086] H19£#«BLT. 7t*7r^y'j3> 

>^i^fc^»i/>;3V£>f*>i£A (fcfcitf. 1 30 1&faZtiT\*h. T**7rAi'Va>#crfoH^ a 

xiOVcm' SS^aEAS) u *>£/|v3<LT*> tttt. MftmtT^yrX^Vziyffmmizmz^K 

[OO82]^»0iB3 7t^7rXy U3>^M2 10 fcjg»|g (Kfc 

SUfe0|Blt:SliaiaiB22rJtWLfc^ IB) 20 2fcA^t4f«2 1 1 T^/l^r*^!) 

£>k$\ 01 5— @1 7«*S^0^U 3>SK2 1 O^if -^-/f J: ot^? < L 

ttB<m3mm&j^&i&WMm-e}>i>. mi x^&t. sa^2 1 3^«?&4w-s.r . * 

5Sr#«SUT. *fe»R202<D±fcTt^7y^y»j3 3»t£lfc*4iLfc«2 0 bff)*#&Mfrh. ZVXotzL 

>1£lg2 0 9;&9Bj£3*rCU6. P^XMS2085rv x. B20fc*rTJ:3fc:. 4»*S8fc:fg£U:&2 0 6£ 

x^tLTr^7rXyy3V^182 0 9wa«*5|fe *BHl^U3>2 0 7t:i£*$-fr4^fc*Jr§-&. Zff) 
«K2 0 2ti5ft<fco<tTl£<^i-?fc:x-f^->^ 40 H»0|B4T'{i. m^U^^-r^VitA^-*,! fcfc 

U3^l82 0 9<7)liajB««^Jgtt5r#-r4. WX Z>b$<-rhZt%< . *<7>^^£jfi|£ B B,fc-rS£ 
HR2 0 8£&£^-6nfc:. *W20 5T*3*l* £5 Srfc. ^x-^x^v^Sfutr^ 

ty'J 3W *>Af7tA'7rXy»j3ylR2 0 9© 7TXy»j3>fW«lt X-'^I'/f-^fci "9 

V&)S2 0 9cojg2a^^i^£&<^i:#T£ TSji*. mfmtTWyTXisVaytnWm&X' 

[0083] hi e&miLx. uzsxhm208im tm?t&zt&niijmvBi&zimz>. 

*£*U \m&&c03mm i m t l2n£:Wm^2 tiX [ 0 o 8 7 ] C . T^ziVV rXisVn xr>-&m&£*. 




[0 084] ±S<OHtt«B3T. Hi?-. TW7T 

xisva>mm<?>®m®x'm s miititixh. 





tma&%.t&A,xwkz tttx. &&&&& 
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msM^xm&M^th^m tefiy u n >4 o 7tmi$.ztih . mma o 4 jji^t 

H2 2 ii±WW>¥mmmnWS)^Cc^-m£.m =ttuy r^y^ »J n > 4 0 8 iz%h . 

XSJifc^rtBrBa^feS . 02 2<0 ( A ) t [0091] =5:33. J399tfrctiL aifctofctofcm 

x. *sf*a«3 o i o±tBg<hK3 o 2iffi&$ti ^m^m LtitK mmx-* zfim&x'htitin 

8#. tittti. LPCVD^fcJ:'3iaS4 5 0X:-Cy [00921 E. T^yrX^^ay^WUzEM 

S^^MSii He ) tfxt:m^X&1&.2ti&. *<r> VEiK*M7Lh^h\z.Z. 9&8am&& : i:fflmLX 

ft. 022<O (B) TS;Mi*J:3fcT ; ei'7T.X5'y -tfc^-frS^rffi 
3yjg3 08^**rt^fcfflij^&S^±fci^* 10 ftlfcWEl 

^hK3 09*qg^ti6. ^<oi^^mk3 0 9 5:v H28-B3 3^mi&mim®<rmkJimE(om 

x?t txm^x. *m4*>tt:te7-ym4*>#%: immtt:J3m.^^wmmz'}>i>. 02 8*#«bl 

W3 1 0T*5ii& J: 5W»k e VcoaEAx^;^T, LTOSi^ynygHUg (f»SMfc&) 5 

1.0X1 0 15 /cm* ggO&AftTlBRWfcT^ 0 KOlfcrt^rXy'J 3>I5 0 2#»j£S*l 

7rX^y3>R308fcaEA$*tS. P^M830 S. ZnT^yrX^U^yKS 0 2Ji7"7>C-7CV 

9£Bt*L;fc&. fcfc *.fcf 6 0 OT«g<oaSTSS# DS^fcrJ: 0. SSTi ( 4 0 0~6 0 Or ) TBftLZ 

W^#X®9m&ft2tihZt££*)^ ti8t&jgRim iih. tetitZ. T^yrXisV 3yi5 0 2liyi/ 

U««3 0 7Ttt*3&*SiP B fi3 04#£»fflrC3 „ ^ < S i 2 He ) £I5?Mtt.fc LTfflV^TaS4 5 0 

^^P««fc«3-r&aa-3 0 6rtT«*&^fBa3 xrcXWSfl*. @2 9£#§!8l/C. W7r^y'J 
1 ltffi&Ztlt. ZOXo^ 022O (C) fc^T 20 3>K5 0 2»±t^»j3>«HtM5 0 3a*^«$n 

i3fc?-^*rt^«3 0 6rtmia#3 0 5#^-£ s. ^yy^vRffcjssosajirt^r^^yrj 

io«eM3i i^cosasns^rri^fc^T ><o*^ft^jgT 3 <as6 0 o-celd J: 0 

[0088] D. TWrXy'jayttfaiiM [0093] *co&. 03 OfcijcrJ: 7t/P7r 

-r&ztizx o«^.si&oa4ites£si»u Bffljs x^tm^ns o 2ff)m^^^h^mmnmim 

&££ 1 )m&£M£th-}m Vi^hM5 04#>->Jri>'iHtK503atO 

32 l^mW^^m^crmkm^J)^) - JiWgjfcShS. 03l£#«SLT. l^*fB!504 

mmt£i$fM£*tmmmTh&. 02 3£#«bl m?kLti^t> v-y3yK^5 0 3aSr^ 

•c. ^mm4oi<o±.tzimm4 0 2im&^tix -->y-thzt\zx*). zsvayjmmsosttm 
^h. wm4 0 2<r>±tzaT : t)i'yTXi/\)zi>m4 30 Aztih. *<m. isisxhm5 04im£zti&. 

O3&2OOOAng.0immX'&tfL2tiX^&. VzsX [0094]<Kfc:. 03 2fcJj^"J:dfc:. yUnygHb 

H8£vX7fc:LT. ««4 04lz>>*)a>4*>Zl m503btfT=tA'yTXisVa>m502CD±£ttm 

4 Ok e VoaEAJC*;wrc 1 x 1 0 18 /cm« gge> LfctfST. figT 3 Tf?«8i#ifc$*U.. Tt/^r 

aEA*TaA^S-fct:iO> 7t^7T^y'j3yR ^UnvStSO 2J±:£f*tofc^l*S.&fcLJ: dfc-TS 

+«£art S»>hlSilM££W[ $Ti . .r fifc J: 0 . ma ^ y'Ja >Wm 5 0 3 b 4>tc#i. rt^iS*** 

4 04rto»»4i^ttHiaTfc:$iiS. »SSSfc:J:o-c»a$^S^tf>. yyn>8HUR50 3 

[0 089] 024fc5cTJ:3fc:. TWyr btzX^XWhtiX^^T^y r XisV 3>ffi5 0 

»J ^>W^m4 0 4tf>*ffi«te^»t«^li4 0 2?)«l^tt*OfS7JJKftOi^£gl*S. 

5#!8IH£S£SI#LTB»f3;h.6. ^ilfci 0. T* 2m*7TXy'J 3>Kftffi5 0 2*tr^BJ5 0 7 
^rXyUaytfiga^fu ifflftfi^yy^^ 40 X^tihX o trt^iB* (^J£7J) tfmt>&. %<r> 
a^JstefB«E4 0 6*^^3*16. ^Oi:^. >-'J3yK*«503b(cJ:oTa*)ilTVv5r^ 

*^<7)E©i0. O5*emCjK/t,ii.Tt>0. T^7rXyU3>'K5 0 2<7)«^#|g B B »<b3&H£ji 
WflllOkeV. ^»50^A (ffi^O- 5W) . ^<7)J: dfcLT. 03 3fc^3/tS 

B^^HJi lnsec/l . »J 3 >BHfc& 5 0 3b fc J; -yXWhtlX \> *5r ^ 

[0 0 9 01B2 5t4@ffllR^)»SSa* s i3J&5ftfc« 16^^3^115 0 5 ^Ua>iHfcH50 

S^LT^S. m?&4 0 5<^Wfc J: otM^ft 3bK:J:->Tai?tl>t:««t#|g^i«'y3vM5 0 6*J 
/c««4 0 4 rtT<7)«|-^)a4W B K4 0 6 £ *> fc. . 

^ISSy'Jny^^LjtefeT^S. »Sra?)iBgtt6 [0095] 029fct>V^T. rta5K*i6«y l> 3 ylKk 

00X:eSfc^$tLS. -e^ft. 026tS^-J:d K5 03at#t^5^ft<D«f:LT«»:<7)J:d^ 
a^^K4 0 6li*l6B^y3>4 0 7t:«^ 50 ffl«§&JSpifc«rt3«*S^ 



(16) 
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-~>y^hfz y'j3 yf&ftM 5 0 3b <0TTS4 0 

(A) ttzli (c) oJ^Srtffite^-t. 



[0 0 9 6] ( I ) Ti <Ti <T 3 <n*k£. ot, fESS^W^tioTmJSifB^bWEJiSnSvI 

rxisva ymnT&Thhms&M 501* mms 2 

corta5j5*si . Twyrxzsv n 50 2ort^ H34-B3 9ti^m^fmwmm^mjjm^<om 

SSJjSi . 7t;l'7r^y'J3>'|850 2±WVDy 10 2H»flteI1£J«^-«»ffi@T&&. @3 4 £#»BL, 

U 3 VK^R 5 0 3a +<D|*lSWS;Jj Sa C0«&fcL H4 T . ^rt^A^&SI&MiJR 5 0 1 »±fcT^7 r * 

0<0 (A) fc:t>JtSS2<Si <S 3 ifc«04OO z/Va>m502&77X-?CVDmt l z£ > )&mTi X' 
(C) <0Si <S 2 <Sa <DV^^MiPt:^:S. Wffico B3 5K:^-J;dt. 7*^7 r^Ur? 

Jtg^Ciikvc^ rta5i6*ol8SMis 2 <s 3 <oB8«fc: >M5 0 2<o±tc. a<^»S!UlieTiIiCli U^^c v 

&£. D^U3yKftK5 0 3c*5agT2T^^&. i 

[00971 (II) CVD>'yrJ>'K'(kffi503aA s <0fc £tf>iSg*fHi. HMHHE 1 <7>*tt ( I ) tdHJ&T 

#{t¥MMtim&&j:-,Xts 0 . ffl^SAfrt/^y SfcOtLT. T. <T 2 <T 3 t%h. ^tOSS^ 

Xy'j3>H5 0 2Wffl^SJ: , 5fe^V^. £3tfM I I I ) 

[0098] TW7rXzsV 3 ^ffiJifl^Slfittfcti [0101] B36fc^rrJ:5fc:. 7t*-7r^'j3 
*-7^i'5 : 5ri. L*»U 7t^7r^y'j3>») 20 >K5 0 2<0#teS<t$nS^««fc:«*. UyXh 

tuMfi?i**$ <&fro^fc*>fc. m tm.?m>t>% R5 04**c vD^y 3>iKugi5 o 3 c^itje^ 

S#l£iP B ^y3ylgf:(*a[S:it»rsf:. te^^fi* tih. %<Wk. H3 7t*TJ:dt:. U^MS5 0 4 

Jfc^T*S<«C*. LW-ot. 7tA-77Xy'j3y 03d*gg^fLi,„ %LX. HK 5 0 4 #Bfe£ 

it. ^<?>i££\ TWyrXz/V^y&is [010 2] m38tz*r?£o£^ >*9-—y/Ztlfz 

9 3 >*mttmt M£mfflm*er>ttSBU&z X *)& CVDy'jn >&im 5 0 3d #7^7 rxy'jay 

J: 5 1 J: 9*3 1*. - 30 MSiiS. J: 0 . '*?--ymivfzi'V 3>K 

tt&MSim: 1/ U 3 VKftRJifl^S i0 2 t* ItM 5 0 3 d #IK$L. Ti<07t*7TXy'J 3 >K 

Zti&Xotz^ S i fcO«B5«it* J li*2f:^oTV> 5 0 24»CJB»BS:Wiig$*i£ . *?>*g3L ffiBJfcfl 

i^^fcfcJ:oTm$iiSJ:5=5r 3 F«*e5fiUaEW-<^ **H8aSii&. 03 8tci>^Tffi|gieAo^li^B> 

f^T»ffi$tL&«^{C«. S i Oi (X«2Tfcfr5rV») 5 0 7T*$flTV>S. ^OidtrLT. H3 9fc*5 

tf^fl£J:J^ffll^«iW<F5:<><Df:=3:4. CICIT. N» tihXotzMtg&i/y 3^K50 Sfc^^^y 3>K 

SiH« ^T5XvCVDS;fc:J:S^ft£tftf&& 5 0 6fc^«$tl&. 

«J:3fcX<2T2MlHr. y'J 3>3fi«S»RSfc:ft 0. [0103] ifc. B35tt>{t&^fr(I I I ) <0T 

*<7)>- y n >K^K<^g^gjj 1 J: •) < =SrS . d TfcL #K+c9rt^«7i«oi8S«i . B4 0«o ( B ) o s 

<0fc^. a4 0flD (A) <T)pi <pi <p 3 ifc:«H4 40 3 <St <Si iit(JH4 Off) ( D ) <75Si <S 3 <S 

o<o (O £0pi <pi <p 3 ^©^fcAfcO. ( i ) 2 <7)\vftvi)*X'bh. \^nx<^^\za\yzi>. 

<^^i:H«fc:p2 <p 3 cDHfttcSrS. A»I8^«S 3 <S 2 T'fcS. 

[0099] ^Oidt:. _L£(I) (II)flD^^r< [0 1 04 ] HS»f|E 1<0 ( I I ) 0>&Mztt 

ti>»1 t tlfr<Q&ttTX'. vy3>i6ftM5 03aSr» Vith&fr (IV)B, CVDyy3>KfbJR5 03c 

iRLfc^tm. ^ y3>lRft|S5 0 3 bt:J:oTa*» Vitmm\ V&SlxmtC V D^t: J: »)J»R?<x. 1^ 

*tT^>^g<D7 ; E*:7yX>'y3>K5 0 24't. «^t6^I<OS i Oi (X>2) *»^>««$fl. ^<?>ffi 

ffl8&&m%^*£±j&<omm)) tm±-th . z msmirt/uy rx^y 3^502 crmmmm 0 

U^^fclb^TfiBl$ft.6. *«a40<7) (B) ay P 3 <p 2 <pi ifc«B40O 
[0100] IMlfittt. #» B B BftlfcV^*« 50 (D)Opi <p 3 <pi <7)V»-m*»-CfcS. V^fc: 
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[0105] zcox oizmtmE 2«%&tnMfWE i @4 2ti^^^¥mimw^m^mF<D-mimi 
kmm<?>mki:m-tz>. ±mcmwtz&^xn. sra igjttc^-r^BB@Ti>s. H4 20 (a) 



[0106] ttz. B4 1li. H31*fc«B3 7fcW £*lfcj:9, 4*>&\ZtUzmm 

l&th^JMi^iWSMX'hh. H4 lfc^tid IZTtfryrX^V^y^Meo 3im&LZtlh. Z<T> 
fc. ^'J3>K^bK5 0 3e«. ^Rv^^5 0 9tJ: y »J 3>*H^>-aA3tL^-3^«6 0 2te 

oTKIWcOBax 5 0 8 dfctiO^ 7* 10 £feft 5/ >J n >«o£ ^ T'*& . ^*Sf B ^ y n xrffl&6 

fryTZzsV3>&5 0 2to±lzmm£mL2tl&. 02<7>&8mt. TFT<^--r*/l^£6 0 4fcmT 

^U3yBMtJS5 0 3e?r»«ttHf. s'l/ntfMUR y 3><7)Jgffiil 00 0AT*£. 
503e<7)7 ; E^7rXvy3>K502±~0StRW [0111] iJctC^ SJ&6 0 O^TI**GS#ifc;*ftSC: 

^^Afsrettc^rS. fctlO. 7^7rX^yri>c7)®ffl&R36«fT : S:*>ii 

[0107] 5:i>. ±aH»Wr<i. ^NWWS<0«fif: h. ZtitzX*). @4 2<o (B) tc^tiatc. 

Lx^u^y^m&ix^hf. ismmtem&tjm yrx^ja>^meo3t§^^)ny^meo2 

a hm) ^t*<o*-»»ot><oTt>. siGe. si ^ime o 6#*<r>m#&frt>~mizf8M:-rz. ztuz 
c TicizKmztiz iv- ivjg&Gwmmt 20 »lt. ^*&r B ^y3>f§8g6 0 2^^#Ttt. e 

£L GaAs, GaP. InPfc^3itSI I I -V bU^KL.* 5 ffitoaWHcifc 

Jfe(b^»^«t«fi. C d T e fcttfiSfl-S I I -V I KZ±tt&ilfo6 0 5*«fi?^6. 

M^I*Sfi> AsSe. HgCdTe^ I nG [ 0 1 1 2 ] $ ^mmzmth t . T=tfryrXi^ 

aA s P<D J: 5 ^Zyuiil h<7)7u**^^r S-T&teMtf »J3>^6 0 3 T 1 5 > ^ A (3£#&?fe L . ISJbS 

<vm:t:m-th. Hz. p1, nl, £tt1'Ste<7nvr *-T£J:3fc:jfcl|-r&. ^>fc£. ^tffcfcSgtcSr-**: 

ftco^C _kai e>835#83i R^cO^Jig ?r £^ & . feUg 6 0 5 fc:^ *;l^«6 0 4 0£fc£#tf>6 J: 
[01 08] 7^7r^U3>Kc^!J&* 30 m?ii4TFT<0OFF* 

fcf. ECR (Electron Cycrotroo Res [0113] 3ri>. J«tt0rr«. ZtZSkisV^ym 

onance) CVD. 3fcC VD, xrc-y^—- rdfy^a «6 O 2<0^SkD^£Hft»#fc:LTVvg ( j&^ H4 

iSffiJfcft. ttO^fctf, lfk'-AM. 3C0 (A) {C^TidtC. ®B<03§gak03feSg^eS 

3*. ?yX?4 *>\z-J*mm. V^S^STt ft»K^f*lniLfct^. 04 30) ( B) {C^-i dfc 

[0109] ttz. wsit Lxm^tihwms o 1 m^ntza^x^-^m:^m.^^:hz tim&x- 

kLXisV3>&ttm<r>m£^XWimLX^&&. z s>t. 

[01 10] $^>fcr. rt3J6*S-^4i$*i.l8fc LTC HSI0IG1 

A*, @ffi«S^F<0»«SO:§t i 9 rtSJB^H^-^ 5rXeHfe:*rrfiffiBTi>& . B4 4 <7> ( A ) ^^SL 
fc£&{U&t&&St:1i+hi>(r>Ti>iiti. y'j3>117 0 l«0±fc:>'yavRftJR7 0 24J 

wm<vmmimx'i>#mMftt i>&mftx-i>*& m&ztn, . is y n vk^k 7 0 2tf5±t«j8ff^^sr 

SWSTt i v\ 5a5*?r^tf7t fry rxi/^ ymtffi&LZixh . iz 

f. T*fryTXisVa>ffl&k%i&&i,yzii^mk fci.HT. gfAi 000A<07^7TXyy3>g70 

$^'has#-CS3»3tfS£fcfcJ:9. -e<^S«3<^lS 3fcg^2000Ac7)7^7TXyynyJi703a 



Ai*Kt5xio 15 /cm2 cogEAifxyny** 
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[0114] 04405 (B) fcS-tidfc. T T : £fr7TAi'V3ym0)MMzmptZ>. *<Dtztb. 

fsngymtfiffKcbtiz. t:tm. sg6 2o , cr2 K7 04oaafch7>v^^<o^*^«t*-a 

^^gi^BH^Tt^rX^yn^ti^ii StfSf&gtt&V*. B4 6tt. l^*Xh&7 04 

x~/» zjyM7 0 3 afcJ6fB«*« lojW§fc4rt& J 5 ftfr, ^3ft&Jgi&ti^gte~2^mg£i::S:6,r 

£m&2il&. tZ^gtttltf. lo<0*S^7 5 0t*JUTH4 6tC 
[01 1 5]tf*:@4 4<r>(C)£5fCtXo£.\<'isXY 10 ^t«k 3fc?-^*A<««74 Ot USsX NK7 04<9& 

H74 1 i^x^hLxm^Wm^r^yrx^ja fi£B2SLTt>. ^^;PfK«74 0«#te&6^«!« 

E&x-mm. mm&nztiz •ifctcto. S4 7ji*i»»o^«^igc7^^Gwig3iiife0« 

jS&tS. .rfifciO. S4 4» (D) t^Tidt. ^lS)8t*^WBpHTA4. @4 7<o (A) fc^ti 

*^=3rlgm6^S#«f B ^««7 0 6*gBi£$ii y'J3>^70l<0±fc>-y3>gKfcE702 

s. mif^ssa-c^LfcefBttBw^m^. vi zm^j^>mim7 0 2ff)±tz^ 

jssasi-m i <oi»5®iajKJaTfc^^-s ( b ) t^-r j: 3 fc^tgj^ y n >ji 7 0 7 o±tss? 

U*. 25 WfcSSffi6jhJS7 0 836qg«$ft.S. Cltf)£c#fi&itli7 

mtmG 2 0 sii^y rivBHus^y ^ymim^vmsi^ti 

@4 5«*fK*O¥««^|g<^g^*^G^2||tt0! 5&iffijiM7 0 8<0m*&. ^.IffX^tch 

S-lSJtt^tWffiBT** . 04 5<O (A) tzJjrti tiZ>4*>mA0)~?X?tLXi>m^t>ti&£olzmM 

5tr. ^yn>S«7 01<0±t:^y3>'ffi^tK7 0 2 >&co#«FiU>. Z<r)%Mfflj±m7 0 8£^x?i; t 

y'j3yKftM7 0 2<D±fe:ttT ; E^7 Tffl^Tl^-1f3e*^9l7 3 0T^3ilSJ: 5££|gA 

rXyyn^JfjWBjftStLS. IWWrXyiJa ^^3^7 0 7fc^«§<il». ^iitJ:'}. RStfifijh 

m7 0 7iffij8.2ti&. &&&z/vzi>m7 0 7Mi& ^aj^^^-r&^ttcio. BanffiJd&7 0 8(om 

[0 1 16] 04 50(B) £5f&£otZ. UiSXhM 30 <0«mi@4 70 (C ) fciSSflS. RSffifi 

7 04 iWtWr^Sy »J 3>J17 O 7co±fc»«3 ifcJS7 o 8<mrt zvy&mwttz&imziit&m 

tlb. 04 5<O(C) fc^tidfc. Z<OUi?Xhm7 $&7 0 51ffi]S.Ztl&. ZtlSHUO^MtWWtf& 

04t~?x?tLxm^X. y!)3W*>3W«; 3m>te&Z&iki'\}3>m7 0 7im&ZtiX\* 

4*y&%&7 2o&ii2tihJ;otzi'i;xhm7 04 h. 

<rm^im<rm$L\£2&£1xh. ZfitzX*). UiSxh [0ll9lH47O(D)fc*tJ:5C, 

K7 0 4<7)fiT«««tCJSfi«7 0 5*«SirrS. l^y 7 08£vX7fc LTfflWt^y 3>^<0>f >fV*^Ep 

X HR 7 0 4 OlTfiWO^IiTt^^ rXvyny 7 2 0 T^fi* J: 5 fc^tgfi^ U n >M 7 0 7 fc&A 

SS7 0 3fc&£. -f^y&Afci^i/Nfcm-CSfifc: CliifciO, R»»jhK7 0 8<DlT£U1^S 

ft%t>tiXh£<. HKfltoiL^fcioT^i^fc** tSa^ESWrt^fU T^7rx^yriy^70 3^g 
LT«#$*lfcftgTft£;MiTkJ:^. 40 ftLZtit. RSffi&jU17 0 8WlTWi»f B S7 0 5^ 

[0 117] Uy'XhK7 0 4^^*Lfc^ &2<D» .HOJ: 3fcLT. «S^t7 0 5^IMI 

t:. *^=5«g?r^rrs» B i*»i?>^s^*®7 o 6# tmzm&ztmz. -r%h*>^ g4 5<o ( d > tz^tx 

ffi&Ztlt. ¥&tm 7 0 6 {i^TJiR^ 7 1 0£3Tt d«£BlS#7 1 0£W-t£¥^#Jf 7 0 6#3Bj£3*l 

t*«tisv^ag*^i:#i^n*^ iMKi«fgfc<oi8 [0120] ±iBH*S0«ciJv>T«, wsm&mzm^ 

[0 118] WXYWL7 04ffXk%^\m'h^m^. \m&£**v7m*B&thZtV£m:l%&£li^ 
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vm&WfetMtX**. @4 8te04 7 «0 (B) ffXJL 
70)±.M£gmtZzs \J 3 >mttM7 8 1 iffitf&tlT 

fi488nm) £JB^6*|£fc:«. y'J 3>«rtj878 
1 (IWllOOnm) t>' t j3>m&782 10 
H110nm)M^21lgitMWi:, 2J1<0&# 

0%, ^3^^782 (JPAll 
Onm) fc-{t«3»OS«*«i3 5%t^. i»J:3 
^SS^KA^IfefB^'J 3>g7 0 7«±fc»«$fi 

K7 8 1 OfiTfc -eOj6eW)*<^e8l^g5-JijD3*4 
£fc#T*4. l^-ifKM«. ^U3>MftR782« 
X-tWtettlK. ^'J3VK^»7 81«VX^i:LT 
S&tS. dO^U3>'K^kK781$-vx 

H. ]^<3g&&2o<93#a»&&&Tt/P:7TX>'y 

[0121105 0-05 3«*ffei*D^fl^]Ro£ 

H50fc*TJ:dt:. y'J3ysS80lo±fcy'j3 
>e^K80 2*^«$flS. JK0y»JrivKft«80 
20±fcT**7 r^y'Ja >MS 0 3 MM£*L* . 
W£.m5\£5xt£olZ. l^*.XHK8 04#giRWfc: 
^frBTTT^^rXyyavJlSOBboieB 40 
Jfc&flS. -r<0Wy*XHK804£vx?fcl/CTtrt' 
7 r ^ y y 3 >J1 8 O 3 £x S £ fc fc: Jc -jT 

wm<r>m%i>&fttfr : eA>7 rx^*j^>m803tzm 

tftetih. *mt. PyXMS804*»TSfei3tiSfc. 
05 2 «* 5 t^i«f$:tr^8 0 3 a t i5 
l»Mg5£#t68#8 O 3 bsfi^Tt^ rXy'J 3 

05 3fc*rtJ:3fc:. ®m0>m*8WHzHffig<?Xktt 

8 0 6 iftSMt 6 . RJP<0&V *8fr»fctt£l6,P B Jf 50 
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8 0 7#ftW&. £ISiFbB8 0 7J££b%&#8 1 0£ 
[01 22] 3tUffiJ?£0. 2um<t>\,VZ 

ulsi iyKjuff)^mtmmtz^aM& 

[ 0 1 2 3 ] it*. *HJtt*^a«. 05 2fcij^*l 

0 5 4 fcS-TJ; 3 fcl'y.X hffi8 0 4 £vx 7 fc LTT 

JS^-S. lsS;;%HR80 4*Rfc£U3L 312 

«7t^7 r !J 3 >18 3 1 ^7^7 r 'J 3 
>M8 0 3 OSfflJiSrS 3 J: ? icjgjS^fifcf . 0 5 5 fc 
*"tJ: o £05 2 t>7 ? Kt^mk^T^iV y r^y'J^ 

[0124] act:. ja±<7>^*»j8o#sii*feA~ 

H S R A M<?9^ t V -b;KciJ(t S p f-^ ^;PM O S h 
?>VX9 (TFT) ^Stt^<7)i8&Cjiffl LTt^t 

f&i^ 03t04(c^$^*fl 
^0SRAM<0TFT(?*Stt«5 5 (55at55b) 
W»jfifeI_ha<0^J5*aA~H £WU Ucfn") S R 

S R AM«S8i*ttc7)||ife0i l 

-cOSSAi£«i^^lS«^;jl£A?rWt,^S RA 
M <7>S^ l£<D-3e&fc0rr-?> & . 05 6~06 4«SR 
A M cn^j]it;<rmfoM 1 5rIS«fc^rTB0 ( A ) 

tmmm ( b > -efts, m ( b > «to0 ( a > <o 

[O125]056£#»!LT. ^Igaly'Jn^SSl 
S- LOC O sat J: oT^RWfcl»i|^ttS ^ fc fc J: o 
jStt««5 65:^»rSJ:dfc^4 0 0 0A<0^ 
»j3>!HtK*>^S*SIWBHfcJg2 l*q»j£$<iS. 

[0126] m5HZ5frt£otZ. &&85 0X:Tim 

{mm s mzti&zt££*). kj5iooa^u3> 

20 /cm3 gScDSST^trKg 1 50 0A<O^Jg B B B y 

•J3vlfc. ^±fc:xy^-y patriot JB«?/ifcK 

^OOOA^i^XrVyUlM K (WS ii )^ 

tfrttfch. y-h«S7i^^-->^Lfca. y 

y^aEAx^^SOkeVTl XI 0 13 /cm* <7)a 
Alt'y »J 3 >W6L 1 fc^?Wfc:aEA$n«. . 
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^^6-14 063 1 



37 



38 



Y*7*->V22imtfLZ1Xh. Y*?*-)V2 «tt®2r«l«^-&#|g^y3VB5 9a (55a)t 



5 0*CTSS#Hm+-C3 OjmcV&Xm&tkZtlhZ 5 OtrCC VD&fcJ: otf/A20 0 AOS- 'J n>BHfc 
btffiti&tlh. y-hW&71<r>£T<D : sV3>mg. tV52. 5 1 a^&9±<Dx>J 3>#tfttg4 6#Bfc* 



[ 0 1 2 7 1 H5 8£vtf- J: dfc. C VDffitiiBMfc 10 3>mtf i £M±-tz&i8.Ztil>. ffl^ftAx^HFS 0 

&#1 OOOOAcORff-CJBJSSfU X-yf-A^ifcfc keV, SA14X1 0 16 /cm» t^lSSy'Jayl 

tii. z<vm%smwL4 2\iz.\tx)v-m~)V5 ia, 5 -fms6 o£v*;? t txm^x. #X3> ( B ) 

lb. 52. 53, 54**B§n3fl.£. Ax*;Mf5 Ok e V v &Aft2 X 1 O'Vcm^ T£ 

[01 281 059S-#a|LT. XA-*-*51a, fe^U^SS 9bfc>f*>tfeA;5*i.&. 3S850 

51b, 52, 53. 54rtfcJSA2 0 0 0Atf>#i6 B t B XKVmmm&frX'S Ott®. ISJ&a^lS^^S^fcfc 

^yn^Kft^^tLS. atS#&Ax*/1^50ke iO. p?-^*;HMOS h^^X^ (TFT) Wpl 

V, SLAS2X 1 0Vcm« T^ISi&y'JnVlgtM V-X • KH V««5 5 btm^tlh. 
*>itA2fU>. ^teBly'j3>K<O±fe:KS20 00 20 [01 33] S6 3fc3?TJ:3fc. £ffi±fc:CVDS&: 

AtfJ^V^x^y^U-t^f KJI*sjBj£;?iiS. X^-* J: 9BHUK4 4#Sg7 0 0X:T»tft$^ . i£{fc&4 

-;P51a. 51b, 52. 53. 54, 4(Oimffih3 0 O 0 Afc&S i o fc¥fift«US#jfc$ 
»lR$ilfc^te B B H y'j3Vlgfc^>^Xxyi'yi>->f K flHJ^K (BHU8) 4 4«CX;t~*-;P5 3, 

tU51a. 51b, 5 2~5 4rttl»«StlS. -e<7) J; 5fc^.y^-CT^5-'>Affigg9 1 ipfS»7 0 

ft, MS 10 0 0 A<0ifHfc&4 6;^«-X^-*-^rt$- 0 0 AT® fSt6S&4 4<0Jife:m$n-5. £tf)T^$ 

mfy&tiXdtzcvDm^x^xm&^tih. -*?j>&3m9 i£>*9-->r-rz>zt££*). b*-/ 

[0129J -e<Oft. X;P-*-;P5 2. 5 1b<35«« FJS* s JBj£$;ft.& . 

±.£.mf8.2td3gtim4 6im£2ti& . RS2000 [01 34] ^CB64fcijcrJ:5fc:gNfcK4 5#:r 
A^teol^yavS^ffiifc^^iLS. H6 0C: 30 ^XvCVD^J:Dag300Tret*>y F&9 10>_b 

w *>#&Ax*;wf i o o k e &a*2 x i o nfertsmx-y- vw&7 1 e>$m*%ttthx ? w 

ls /cm' "CaEA^flS i fc t: J: 0 . TW7TXi/*) JP-jfr-JPtfUPSflS. ^<OX)U~7ti-^{:MtXy 

tf>±fctt. f-^*/P««fc:ffl^i-«»^<^ffi<W*JS AffiBJf 9 2#MJf8 0 0 0 XTM!&ZtL& . £Lk£>Jt 

*«Jtdfc>t*--yr**bfcI'5?.XHR9 9#»S 3fclLT. ^IBflOTFTa^SfifcSRAMtfMt 

»j -xyjfi 0 0 k e voftxi^^sx 10 [0135] tea. ±mmff^me OcnzntZtiU 

15 /cmi ^aEAg-CT^^r^Ur/ySSSta X. me5\Z^tXo\ZV-JXYWk99iH-^^)Vmi 

(TFT) <^**;^«fcfflMj-f£S!#fc:, mKai^6idfc^-->^S*iTi>J:u. 

Jf 58a#»j£?ix£. I^*XhK9 9#Bt3;3*lS. Cl<7)|Ufe««^«^K<^Sg^B5-fflV^SRAM 

o ox*mmm#?5B!tffivmmimzix <n^m^cry~-^m^^t. me 6~S7 o«sra 

«feM^-s. ( b ) xhh . mm2(vmgxnii$mm 1 «o 

[0130] 06O36»^>064iT<O¥t8B H5 6~@5 9^r<0^tHi{CO^TIiN«T*>SO 

tlX^t. [01 36] a66^#ISLT. yy7> < S i 
[ 0 1 3 1 ] 06 1 t^f J: o fz. fe^Lfcy'J 3> 50 2 H 6 ) ^Jri^^xf: LTJ8wtag4 5 OXTCC 



AT?>*. StStf&Ax^i^SOkeVT^ 



[O132]062S:#«SLT. #fe B B B ^ 'J 3 >lg 5 9 



1 <mmt^ 5 6 a t . 
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VDttfciOrtA'^T^S'ynvJf 5 8#2 0 0 0A SRAM«S^ffi<7)|BlfefiHj3 

^pf+^MOSh^yy^ (TFT)0>?-^* y-fcrt-<7>K^f££S;-r. ^SRAMO-XtU-fc 

rt<««U9kEBa»*0. 1-0. 2/imSg*£=5r«« ;P<^8^s«||ii^i<oa5 6~a5 9*T'^giiI 

3t«0tJJ:t^S«^ra5-^<^^i:t:J:O. Uy'^h ltelt^l^5 9<7>gSlgfcS<Ig£*OTffl 

m9 9<nqmmffT->*mi (tmmk) ts/is. m (a) tmm <b> -cj>&. 

[01 3 7] 06 7fcijc$-J:5fc:. l^^Mfi9 9iSr-7 [0143] @7 1 £#88L*£\ i^W(Si 

^^fcLTffl^T. 7t^7TXy'j3Vl58*Sx 7 2 He ) jfX%WfflHXk LX&S.4 5 O'CT'CVDft 
^>:/;*:ft.&. *Oft, P>'';*HK9 9#B5£3ii£. 10 fcloTT^/^rX^ya^/lsSjM&SlOOOA 

CKOi:^. Vy;*HK9 9<0fflgHaHi8^fc$:oT T-Jll3*e»K4 2<7>±fc:j&£3*i£. pf+WOS 

v^»t. Tt^rXvyayasst^toHSM^ h^v^'x^ (TFT) <o^-^ ^Jlffl&lztS ^-$~h 

x-yf-y^fciiur. P^KOX-y^V^agJiT 99#»j££fU>. Z<?)UzSz.hm9 9t:'?Z.?kLX 

W7rXyij3 ><0X ^ 2 <gggrC& 4 fflHT7t^7rXy'j3yi58 tC*S4 * > i « 

<0T. ISsnWX ^H9 9 $ 7X? t LTfflWCtBS 7 ^*>f *>#i£\x*>Mf5 k e V. i£A* 1X10 

r^yrx^jaymsaamBatt^u^y^ %ztih. r^yrx^vaymsaiz^eoox: 

*>Z&ALXi>£<. *fcB67<0 (B) V)m$mfflm,^5m®com5mti : mZtl&. 
Tt/^rXyyny^SS^aSJgliEfcafO^JgK 20 StSfcffli^ hmt<r>T*i)Vy r XisVnym^KvM. 

^>M5s<nmmitm<7>fflmm!mmh-}mt Ktpm&EMcth. isv^yjxy&Axu. r*;^ 

[0138] *0>3L 7t^7r^y'j3yl58Bfi X>-y nyfc&A-tS fc, ^£;fl£*££fctt7<7S 

g6O0 < C<0Sai^HM't»T5i^^S!^l?ii6. .lit 3^rt;P7rx>'y3y4i-ca,jvR?.f^$^S!>m* J 

Mt^mrnvt^-thr^yrx^jaym. ttin 30 ^-r. e^^jsai^v^^T**. 

3>15 8CJhatf»«®S?:ifcLfcJ©£fc:tt. 6. 

rXy'j3yl5 8<^fl*#JSa<fcrS. [0144] *Oj^l?£2j6teB61~~B64fci*$ 

[0139] B6 8fcJjc*\}:5fc:. JiaSJaS-y 3>Jf 5 ilSieSfcWl fcftoTfT=5r;b*l&. 

9a£g5J:dfcJIS^K4 2W±fc#Jg| B yya> SRAM<^8Jt*ffi«|life«4 

S5 9b*qSWl 0 0 0AT»l£$n6. Uy'XM89 *3dl0W^1^fl^K ^8®#i£ D2;J8)fiL£:SRAM 

9#£*g£^y:3>Jg59b<0±fcJi&£$*u P^lr* <rm&mZx?t. B72tt. H»«10g56-a5 

^MOSh7yy^ (TFT) <M-**A>fm!&im 9fc*5*lSgMgfcg<S^g£ij?r¥ffiB 

■rs^^A s iacTrsj:dfc^^-->-r$*i4. (a) tK®a (b) xt>&. 

[0140] H6 9fc*rtJ:dt:, l/y*XM99^7 40 [0 1 4 5 ] B7 2£#J8LT. JII3«jti&4 2<0±fc 

X? k LTfflV^T . 'J 3 >Jf 5 9 aiCD^Ifeg, TW? r^y'j3yl5 2 0 0 0 AT'®j££ 

z/ t jo>m59b&jiyi->ym£ztiz>. v ti&. znT^yrx^v^ymssai/^yy (S 

[014 1] B70fc^ri3t:. m^w^->ta m&txi>x<. fc^vMiK^oooAoma^y 

^Tmteolyyayssga (55a) fc^HSfSvyn n>JI£®j£L;fcSL •e^teSvyn^Jlfcyy n> 

>Jl59b (55b) tm&^tlh. ClOidfcLT. -fjr^SrftAx^^l 0 0k e V. 8EAA5X 1 0 15 

P f^^MOSh7>yX? (TFT)cr)Stt®^ /cm' TftA^-SCl kti "5®«LTiiV\ -fO 

f8£HZ>. mSixS^TFT^^^/l^JSfcffl^ 
[014 2] ^^<^BSlS«llteMl«0B6 2~H (07 24«A^[) tm^»A«S»3ni. 

64t«oTff^r*>nS. 50 «<0Sg«0. 0 5/zm. JlfiS«£E{il0keV. mS£ 
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tt50*/A (flMjO. 5W) .imflmnsec/ SJ:3Cfft?!U -teb*>T±fryTAi' t J?>m58 

TXis>Jn>miiim. ©fcU ft/MS&Kfci&S. S [0149] *<9t&oSS£lg«SISfc0| 1<0H6 l~B 

Jg6 0 0T;tf^fl^*T5B^ fg^tfifcSJU, 6 4fcftoTfr=5r*>*i&. 

[0146] *coWT>W!£Li:mi~mm 1 ?)06 1 OH5 6~B5 9Og^gfc&<ig£^¥B0 

64fc«!^Tff^i>il6. (A) fcHrffiS <B) TJ>£. 

SRAMc7«Sg^ra^«M5 10 [01 50] B7 4£#§HLT. flHJI6*iK4 2<0±fcl 

^»#l«^*^JS«r)SJS*aE^ffiV^SRAMco &U,SsV 3>M59 c#RJSl 0 00OAT»j£3*l. 

5 6-059 £m<W8£mZ*rt¥Wm (A) fcBnS 9c WSMj^Saj-T 6 J: d fc HK 9 9 #£Jg B B B y 

H(B)T*S. Un>J15 9c<o±fcjSIWfc:©j£;S*l&. <Itf>fc£. 

[0147JB73£#$LT, JH3»»84 24>±fc B74W ( A) fc^Ti dfc. P^hJS99tf^gaJ 

Tt^rX^y 3 5 8#I8©1 000ATJ&R3 ^^^P««CHt:-j4[-^«-rSJ:3tl^^hK 

its. ^coTt/l^rXyy^yJlsstii^y^f 99«^-^>^$^s. ^<nWxYWk9 9*-?x 

tJ:<, J)*VMi^iSa>'yn>'SSr^Lfca. *tf> keV. SEAS5X l o 15 /cm* T^*gS^'J=iV« 

^tefi^Uav^fc^ynWJi-yi^EAa:^^! 0 20 5 9 c tc&A;?*!*, . CKlfciO, U^Xhm99izX 

OkeVtSEAlSXlO'Vcm^ "CM *>i£A$;fX oT«*)nTl.v5:i,^««^fe B %v'»Jnv«5 9 c«T 

SClfctrloTJg^SiiTfclv^ T^fryrX^in t;l/7rXylJ3yt5:l W^hH9 9t:J:-5Ta 

v«5 8©f+*;H«tffiSt4M<0JitlJ{at|t btiX^himtr&1&&zsy a>M5 9 cliW^'J 

lfcfcl84 7;&9iJj£$*iS. £tf58HfcR4 7fcL ECR- 3Vai4Y»*. *<DSL Pi/xN89 9#Bfc£3ti. 

TiSJS 5 0 OXTCKff 10 0 0 A-cm$itS n VM 5 9 c tiSJS 6 0 O-CCOMSHHS^T- 5 B#§<7) 

im4 7<r)fffltfxkLX&SiH* bNi OcoMS/f m$m&M2ti&. T^)VyrX^)zxy\t^ ZHi&i, 

xwm»e>ti&. zcomtt. T^yrx^jayms V?>mmt&LXUt>tZ?>irt>i£&i$M-$-&. 

SOft&f&jt&fcZitmt LTBHfcK4 7«6 0 0 ^A^CHtt^&^U 3>««fc-j£TOAgLT 

^OT«aKTJg^ii^(«L{«r^=5:V\ SS6 0 0 30 \*&CDT. T^A-yrX^Jay^ SLT»t£|&R 

X:&±X-i>& b . BHU84 7tf»iS£4>fcT**:7 r*>- y >J a V^lSc^g^B^^lSS^fi^i: LXfm 

t J^>m5Siffiik{tLXLiolpt>X'i>h. ^<0BHfc -T6. ft*A«8CH«7t^7r^y'J 

M4 7iSrTtA'7T^>'y3>'S580±fcmLt^ 3y«a!^«#lgftfb^-S. 

iT. S&6 0 0 , Cfir^#H^i|iT5^^5!!«lA I [0151] -e^^KiSJlft'JS^^ 1 0506 1 

Jfc3*i.£. ZtttzX *). KAJR4 7fc:J:-5TSbiiJtr 64fcftoTfT=5r;b*i.£. 

wwsafct* . *<m. m{W4 1 imzztiz . *^mi^mtmm<nwtm g assm ? sra 

[0148] .KOJ: dfcf-^*-^««tf>*i^*tea<tr MCW* V*)Urmgr)im$:*rr. H7 5~B7 6fcL 

SOtt. TWyrXisVaytzlO* dyne/cm Htt0llOB56-H59tf^Bixefc^<X^ISfc 

2 ELt<9,ffi«JE7J £*h£3«S fc. IS&JfcfiatKa^fg 40 ijcfTOB (A) tBrffiB (B) T&S. 07 5£#«3 

m&*i-**)ifflm±tz0)*mL-thz ^)^>m\m^i o o oAcort/^rx^uay® 

SiOi t S i <^R^^0Mfe: J: 0 , 57fcff*2000A«0T ; E;l'7'r^y»;3>®57a 

BlftJ84 7«iaSl 0 0\:Tm$ilTV^<O-C. «fcSS6 0 0TC<OS*#HM4>T3 O^StfD^SKfc^ 

«sei oo^tzm^xur^yrx^^aymsst mztiz. zcrmm^kmmm^i. wm<m^ 

o o-cwsstrji^-rs i: . s i oi <^^*« s i mitt, x a t:^$#iT^s . mmm^r^y r 

fcit^T/h$u^». SiOj lis i Jifi^lB^JUi. 50 ^yy3yS5 7<^«{ca*^t^:vvJ5« % 



(23) ^^¥6-140631 
43 44 

B^T^fry rxy y 3>Sfcfcvvc»ii£ l B l &?fe4ifciS [0155] -f-tf^SBtlSldHtefiaj 1 <o@6 1 ~H 

WztbZ'i>&. ZOXotzLT. 1 mtf, l , i'MNti<m& M^t'J-fe/K^SB&^gSr^t. @78~@82«. 

«5k»rt*7 r y nvm 5 7 aco$izm??h. mam 1 <m 5 6~a 5 9am^^.mzm< igfcjit 

[01 5 2] @7 6terrtJ:3fc:. 1 0 0 OA<DSA# *t¥ffiH ( A) fcffiffiB ( B ) Tt>&. 

tmTWyTAisVaymZXv+yf-t&ZttzX [0 1 56] 078£#h&LT. ¥fflft$^tffl[^feg 

0. Ke^^T^^r^y'Jn^ioa^S?^ 14 2«lC7 : Eyl'7 r »J 3 >1 5 7*'ISff 2 0 0 
<3r9. ffieo^Vv^cg^i OOOAOTt^T 10 0AT»^?nS. P^+^HVIOSb^y^X^ (T 

^y'j3yf5 7a<0*^|S. •KOTt^T^y FT) <0^*/l^fcffl^5at#TT ; t^ :7 r*S' 

3VJ1 5 7 a tSS6 0 O'COg^flHS't'T 51500 y 3>JI 5 7<7)±(CW^'X hK9 9#SS?Wfc:©j£$*L 

Sot7t^7T^'j3yl57aj!|5]i!«fiftrS. tO 1 5 7 ] 07 9fc^tJ: l^*XM899£v 
.r*Ui. rtA-7rXv'j3>Ji5 7a+fc:«lfi<^g t LTfflVvtTt/l^TXv'J 3VJ15 7#1 0 0 

hxbh. oA(om**nix.-si->ym£2tii>. wjx 

[0153] ^(r^m^Lmimtm^ame 8~a Hg9 9im%zti& . ztuzx o . 

IS«IIJI0l 1 *>B6 2~H 6 4 Ogjglgfcft oTfr 3 >M 5 7 a*qg^$#is . 

&*>*l£. 20 [01 58] H8 0fc^-$-J:5fc:. T^r^'Ja 

[01 54] B7 7fcL *£&H££tvt. £N0!ia 5 7fc;B&6 0 0T:nmmm^T5B¥ffiCVSm 

a5 9tS<Jg!fDSJSiS2r*^-¥ilSH (A) fcffiSB »tife3*i.t. ZtitzX*)^ 7WrXy'j3>l5 

(B) B77£#HgLT. ^ISS^y 3>g5 7t57aHJSafl:«. L*»L&#£>. ISSOJJV^T 

9 d#)gff 2 0 0 0 A-CJH3*»R4 20_tfc:»jS$;fi. Wy rXy»j3>I5 7 a<7)&#tt. -eoMo'l^Sa 

< = d) e&'JayfrtoB&Zti&WtChh. ZV&m ^V^yMcvSMST aii&gkiLLX. ife^'Jnv 

^ya>Ji5 9d<0^^^^««fc:fflS-r&a»O± I59at^. ^ittCitLT. 7t^7rXy'j3y 

fcS««fc:P^M89 94qBl£3*L&. ZVWSxh ®5 7oa5^iJgf H ^LT^|ga^»J3>'«59bt:^ 

K99O¥ffi««0. 4iimX0. 4/tm ( = a) S. ^ttfts/U 3>J1 5 9 b £«|£ B m#JmiSW(Ci* 

S. Vy'XhK9 9«Kf«ilA«niTJ>S. dC0K. V 30 3*1X1**. 

yXMKoftfcDO^Sa^SftTiJ:^. l^'x [o 1 59] B8 1 fc^StiSi dfc. J&PrffcLfcJiLIS 
Hg9 9 LTflft vcs, U 3 W *>iP&Xx. y 3>g 5 9 a fc ^Jfeg,^ V?>®59 b*s@6£<0 

*;Mf 1 OOkeV. EtAS5x 1 O'Vcm' X£« ^->fcfiEoTSS?WCH^$ftS. 

| B >'y3>'Jl5 9dfci£A$*i&. ^<7)t£cr>4*>i£ 10 1 601 mS2tZ^tXd^ W^MiP^iy- 

AttB77*> (B) fc*TJ:dt:ftJS©=30- M6H1K4 34 s #|gav y n>Jl 5 9 a fc^Jga^y a 

3 0 ' <0ftgty y 3 W st-ytKSEA&tl -*5 1 a<0®i£tf>g&»-fc >UP-*-;P5 2<0±^»O 

S. ZtitzX*). \sisXhWi9 9w^<r)Efm<WSm ««w±{c»^tutK^tK4 30**^$fiS. y 

s-wssstti^ynw^Vie^A?^^^*). -hms6 otmfewf-ytzm^xy—ht&amA 

t&8Jffim-&. *1*SM<om&ii/V^>4Jt><ni&L 40 3<?)±tzMJtL2ti& . -f-^. y-hmS6 0^v>t^ 

H&9 9*«»*$<is. ag6 0 0x:<o^#HS«t»-c pf t**Mosh5ys;x^oy-x • YV4y<ffi& 

Wfc*tt&wm8&3MrMh ix&g&m~i . ^ [0161] cwmwtnLmrmm 1 <me 3-m 

<d (T^*ltfagd/2) <f^kt¥imS.~thX 5fc. [0 1 6 2 ] JiLh^SRAM^t y-fe;KO^t^fc: 

'J 3 >J1 5 9 d ^Faftg ( d ) f: f» fc^T, TFT<?yJ-*r *fVffi&*:ttm-&&m£miZT 

9 9VKk$2 (a) JrS^r&5^*<i)5. CK^feff^T t*7r^y'J 3>g^S3a3iiS. BTF. Tt^7 

fcfcUT . P i^'x M89 9 (r>t^<r)=$imm<r)®.Wt rXi/Va ym^^m^^T^y rxs^yaym 

td£lrMma&k&h. 50 4>*>8384i»g (Ill/cm') , (0. 4 



<2' 

4 5 

[016 3] (i) ss^XSiH* )ifX*WmiH' 

x k LTJflv vcffljg 5 5 oxrcr**? rXy'jayf 
5- C V DiBc J: o XBfS. Lfc*§£. 

[0164]aMfI:~lXlO ] Wcm2 . 
(ii) y^XSii Hs ) Xrx^Em^Xi: LT 

[016 5] 83fc£»g: —6X107 IB/era' „ 
^^HBS+^fBaoffiBa : 0. 2ffl 

[016 6]«&4yS?g:~5X10? ffl/cm* . 
^*/l^4^ B i«<Wt : 0. 161 

(iv) 2&£ki'V3>miZ>' , J3>4*>i:2xlO 
is/cm* co&KMX'8LK-t&Zttz£*)T : e>l>7TX 

[016 7]«^4i?Bg:~3X108 ffl/cm» . 
-V : lfflKUtOT^KJyX 

*BHtf>8Hfflfl:3 fife s r a m <r> jt * y -b/ncfcv vc t f 

Tffyf-^^f^m. (0- 4*tmX0. 8*tm):£fc£3L 
*6iH>BT1§j£^S;fctf>fc:tt, Tt^yX^ynvJIo 
SJi^rffifcLT (ii) (iii ) JrSffl^-S^SA 1 
&6. -f&fc^ T^iV?TXisVzi>mty<rte8focr> 

^x&m-hztimm&h. tit, ^iotzms, 

mfc,P H ® £ Siat & ^ fc t J; o T , :MSg&fl£#{$^tt:fc: 

*«(ONmaO. 2 5*tAJ3Uu OFF«jSl 5f A 

bit) mfL-t&TFTmhzt&TZi,. 

[0168] 

[fy»93&£] JOJhOj: 5 tz . fa^B 1 

^gh^v^tjcfitr. sRAMoaawb^^ut 40 
[oi6 9]^. ^H2fc«sm^Ha^^ffih7 

yis'XftzXtlK^ f&ktzlfrtXm^OtiWSlt&^O 

F FmS£^fii.^J8K7>^*x^*^i?,n6. 

[0 1 7 0] ii*fl3~l OOESfSKJaKiKh^yy 
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isxm. .kOsV^ON^JtiOfi^OFFmSE^ 

[0ffi«iS#^ilB8] 

[@i i z<rmm-mmnzxmmhyy ; jx^^ 
mm^^y-mi (a> t®«0 <b> t&s. 
[@2] zcrmmry-mmnz^mmhyy^'x^ff) 

[@3i z\<nm^mvy>i;x9jffimztihm& 

{tS RAMW^ *: l> (A) ( B ) X'hh . 

[@4 ] H3WK-KHt»ofc^r|fij*^1.3tlSiffi5r^ 

[@5i z<7>mi(m&Y>7>i;xfizm^t>ti&¥m 
imm?>gmjTm<rmmm a 1 «^ 1 xsc&ftimi 

[06] do^o^Hh^yyx^tcfflv^/is^ 

immem&mrmmA 1 «$2igi:i3it5fi 

ffiKM5*ffl50-ej>6. 
[07] vlO^HB^Mh^y^x^fcfflv^iiS^ 
«®K«raKi^rffi<o||tt0iA l <o^3XSt:t>{tS¥® 

[08] zenmirmmhyy-Jxfizm^^tL&im 

tmmemmxit&mfcM a 20m 1 xst: m^ts 

[09] zeo^mmmhyy^x^izm^^tih^m 
wsa^*-r^ffi0-ej> s . 

[010] ^<056HJfOSMh5^^*X^fcfflV^fL&^ 

[01 1] dO^BBtfO^Mh^^i/x^tcfflv^n^ 

&m%mcr>w&)ii£<r>mm b 20& 1 xstct>{t-&Br 

[012] £<03^0&ffih5yi;x:?fcffiu£ft6¥ 
««^K<0®i*ttoSdMH|B 2tf)&2Xgfci5tt£K 

[013] dO^WcO^Rh^V^'X^tCfflV^^ 
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